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1 
INTRODUCTION 
A goal of dairy cattle breeders is to change the genetic merit of 
production traits in the dairy cattle population. The major source of 
income for most dairymen is the sale of milk. To measure the effectiveness 
of dairy breeding programs, annual genetic change must be estimated. The 
change in the phenotypic expression of a trait, however, is not necessarily 
an indication of the genetic change in a population. Estimates of genetic 
merit of cows and bulls can be employed in the determination of genetic 
trend in dairy cattle populations. 
Several improvements in. genetic evaluations of dairy cows and bulls 
have occurred during the past 25 years. As potential sires and dams are 
genetically evaluated with greater accuracy, the rate of genetic change 
can increase. A larger number of genetically superior individuals are 
chosen as sires and dams because fewer errors occur in the selection of 
parents. 
An important aspect of genetic change is the selection of bulls to 
enter progeny-test programs. Bulls are initially selected for progeny 
testing based on the merit of their sires, dams, and other relatives. 
Consequently, the efficient use of pedigree information is important when 
choosing young bulls to enter progeny-test programs. 
Not all dairy cattle are sired by bulls in artificial insemination 
(AI) organizations. Although the proportion of cows bred artificially has 
increased considerably since the introduction of AI in the 1940s, the use 
of non-AI bulls continues. Approximately one-third of the dairy cows in 
2 
the U.S. currently are bred through natural service. The non-AI bulls 
generally are genetically inferior to bulls in AI organizations. Many 
differences between the pedigrees of AI and non-AI bulls have not been 
quantified. Differences in selection intensities between parents of AI and 
non-AI bulls could be estimated from pedigree information. 
The main objectives of this project were: 
1 ) to estimate the annual genetic change in milk, milk fat, and milk 
fat percent in the registered Holstein population during 1960 throu^ 1979, 
2) to examine and quantify the differences between pedigrees of bulls 
in AI organizations and non-AI bulls, and 
5) to determine the relative importance of pedigree information in the 
prediction of the genetic merit of young, unproven bulls. 
5 
REVIEW OF LITERATURE 
Prediction of Fossi'ble Genetic Change 
In 1944, Dickerson and Hazel proposed a method for predicting annual 
genetic change in a closed population. They stated that two factors 
determine the amount of genetic change per year in a population: a) the 
genetic superiority of parents compared to the population from which they 
were selected, and h) the average generation interval or the average age of 
parents when their offspring are bom. Progeny testing was the most 
effective tool for changing the genetic merit of the population when a) 
progeny-test information was available early in the animal's life, b) the 
reproductive rate was low, and c) the earlier means of selecting 
individuals as parents was relatively inaccurate. 
Rendel and Robertson (1950) discussed the four paths of gene 
transmission to the next generation. Genetic change in a given population 
is dependent on the selection of 
a) cows to parent cows, 
b) bulls to parent cows, 
c) cows to parent bulls, and 
d) bulls to parent bulls. 
Genetic superiority of each group compared to the population average was 
represented as I^g, 1^^, I^g, and I^g, respectively. In addition, 
LgC» ^03» snd Lgg were the average ages of parents when their offspring 
4 
were bom (i.e., generation intervals). Annual genetic change was expressed 
as: 
The relative importance of each pathway was estimated (Robertson and 
Eendel, 1950). In a 2000 cow unit under an optimum structure of selection 
with progeny testing, selection of sires of bulls contributed 45^ to AG, 
dams of bulls - 35^» sires of cows - 18% and dams of cows - 6$. Under 
slightly different assumptions, Skjervold (1965) calculated the relative 
influence of each pathway as 46% (BB), 24$ (CB), 24$ (BC) and 6% (CC). The 
contribution of each path to AG is dependent on the proportion of milk 
recorded cows bred to young artificial insemination (Al) bulls. Maximum 
genetic gain was estimated at 1.7$ of average yield by Robertson and Rendel 
(1950) when 60$ of the cows were mated to young bulls, and 40 bulls were 
progeny-tested in each 3-year period. Skjervold (1965) proposed that 
approximately 47$ of the milk recorded cows in a population should be bred 
to young bulls to achieve an optimum breeding structure. Estimated maximum 
genetic change in a closed herd with no progeny testing was 1$ (Rendel and 
Robertson, 1950). 
Several other researchers (Dempster and Lemer, 1947; Hunt et al., 
1972; Hunt et al., 1974; Oltenacu and Young, 1974) have simulated 
populations of various sizes to determine optimum breeding structures for 
maximum genetic change. Parameters of several factors were varied to 
quantify their expected impact on annual genetic change (g). Of interest 
were 
5 
a) number of progeny-tested young bulls, 
b) number and choice of cows bred to each bull, 
c) superiority of dams of progeny-test bulls, 
d) total number of sires of sons used annually, 
e) percentage of the cow population that is production tested, 
f) percentage of the production-tested cows which are bred to young 
bulls, 
g) number of daughters in a young sire progeny group, 
h) annual semen production of proven bulls (i.e., units collected per 
year), and 
i) proportion of proven sires replaced annually in each stud. 
The rate of genetic change is dependent on selection intensity, accuracy of 
selection, genetic variation, and generation interval. Each of the factors 
listed affects one of the four components of g. 
Hunt et al. (1972) studied various AI breeding systems to determine 
which would maximize g for milk production in a herd of 115,000 cows. Nine 
factors were varied in the simulated AI populations. Of concern were 
selection of young bulls for progeny testing, proportion of cows bred to 
young bulls, and operational procedures of AI organizations. As the number 
of sires of sons increased, g declined. Results indicated that 25-50% of 
sires of sons should be replaced each year. Although replacing all sires 
of sons each year substantially reduced the generation interval, a smaller 
selection differential resulted since fewer bulls were available for 
selection. 
6 
The nimber of progeny-tested young bulls depended on the proportion of 
production-tested cows bred to young bulls. More young bulls could have 
been sampled if progeny group size was decreased. Accuracy of first proofs 
would be lower. Â larger selection differential, however, would result 
when bulls were chosen to be returned to active AX service. The advantage 
of sampling more bulls decreased as a greater proportion of cows were bred 
to young bulls. Rate of genetic change increased steadily as more units of 
semen were available per proven bull. Oltenacu and Young (1974) reported 
similar results. 
In another study (Hunt et al., 1974), population size was varied in 
addition to previously mentioned population characteristics. Population 
size ranged from 15,000 to 1,500,000 cows. Increasing the percentage of 
cows bred to young bulls had the largest impact on the acceleration of 
genetic change in the smaller populations. Small populations (50,000 or 
less) could benefit substantially by consolidating sire sampling programs. 
In populations of 50,000 or more cows, g declined when 80$ of the cows were 
milk recorded and 80$ of those cows were bred to young bulls. This 
situation, however, is not expected in today's dairy population where 
approximately 45$ of the cows are in a production testing program and 
substantially fewer than 80$ are bred to young bulls. Some levels of other 
variables also differed greatly from that which is actually practiced 
(e.g., number of sires of sons). 
Hunt et al. (1974) estimated that greatest genetic change was possible 
in small populations when young sires had few dau^ters (20 dau^ters/young 
7 
sire). Genetic gain, however, was maximized in populations of >750,000 
cows by obtaining 40 to 60 tested daughters per progeny-test bull. Emphasis 
on traits other than milk yield did not substantially decrease g of milk 
yield in larger populations. It did have a marked effect on g of milk 
yield in smaller population. 
Oltenacu and Young (1974) primarily were interested in maximizing g by 
determining the optimum selection intensity among progeny-tested bulls 
(i.e., second stage selection) and the optimum proportion of the cow 
population to be bred to young bulls. Two advantages of increasing the 
fraction of the cow population bred to young bulls in progeny test programs 
were a) accuracy of proofs increased, and b) a larger selection intensity 
among proven sires was possible (i.e., more bulls were progeny-tested). A 
disadvantage of breeding more cows to young bulls was that a smaller 
fraction of the population was bred to proven sires that had been 
identified as genetically superior. This caused a reduction in g. 
Herds of 25 , 50, 100, 200, and 10,000 cows were simulated by Specht 
and McGilliard (i960) to determine the expected rate of genetic change when 
percent of cows bred to young bulls and the number of young bulls sampled 
were varied. In general, g was less than 1^ in the 25-cow and 50-cow herds. 
Bendel and Robertson (1950) had estimated that genetic change of \% of the 
population average was possible in a closed herd with no progeny testing. 
In the 100-cow and 200-cow herds, progeny testing was effective in 
increasing g when more than half of the cows were bred to young bulls. In 
the AI population (10,000 cows), g ranged from 1.8^ to 2.3^ of the 
8 
population average. Genetic change was maximized when 30$ to 50% of the 
covs were bred to many young hulls. 
Van Vleck (1977) discussed reasons that actual genetic gain may he 
less than the maximum proposed hy Robertson and Rendel (1950). Factors 
inhibiting g in milk yield as related to the 4 pathways of gene 
transmission follow. 
1. Cows to parent cows 
Many traits other than milk yield are considered, reducing the 
selection intensity for milk. Within herd selection also would not allow 
for maximum selection intensity. Cows that remain in some herds may be 
genetically inferior to cows that are culled from dairy herds of high 
genetic merit. Another problem is that information available to dairymen 
often is not used efficiently with the terminal lactation receiving most 
emj^asis in culling decisions. 
2. Bulls to parent cows 
This path could contribute less than 18% to g if a relatively 
large fraction of sampled bulls are returned to AI service. The selection 
intensity in this second stage of selection is important to g in the dairy 
population. Biased evaluations of bulls may reduce g. Bias could result 
from preferential treatment of daughters. Genetic change also may be 
reduced by differential semen pricing which could discourage dairymen from 
using the best bulls extensively. 
9 
3* Cows to parent bulls 
Large selection differentials are possible but have not been 
obtained (Vinson, 1975). Van Vleck (1969) found an overemphasis of dams' 
records in pedigree selection of young bulls. The large generation 
intervals between dams and sons (Vinson and Freeman, 1972) reduces g. 
Waiting for later lactations does not increase the accuracy of selection 
sufficiently to offset the increase in generation interval. 
4. Bulls to parent bulls 
Sires of sons are selected not only for production traits but also 
type. Larger selection intensities for milk production are theoretically 
possible but not expected as long as emj^asis is placed on other traits. 
Methods of Genetic Trend Estimation 
Comparison of theoretical and actual genetic change in farm animals 
(Van Vleck, 1977) is difficult because 
a) selection goals are changed often, 
b) selection intensities are low, 
c) procedures for evaluating genetic merit are variable and often 
inefficient, and 
d) crossbreeding occurs. 
The comparison of predicted g and actual g may be easier in dairy cattle 
(Van Vleck, 1977) because 
a) widespread AI allows for more intense selection and sire progeny 
groups are not confounded with years. 
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b) a high correlation exists between predicted and true values of 
genetic merit, 
c) data sets are suitable for estimation of fixed effects and variance 
components needed in prediction of g, 
d) records can be adjusted for fixed effects, and 
e) crossbreeding generally is not practiced. 
Phenotypic trenc in a population consists of genetic trend as well as 
changes in the environment. Consequently, it is not enough to simply 
measure phenotypic change to estimate g unless environment is held 
constant. Several methods of g estimation have been proposed. Some are 
utilized in designed selection experiments while other methods are most 
useful in estimating genetic change in field data. 
Hill (1972) and Syrstad (1974) discussed the theoretical aspects and 
limitations of estimating g in designed selection experiments. Maintaining 
a constant environment would allow g estimation by simply measuring 
phenotypic trend. A constant environment would be extremely difficult to 
manage, especially in farm animal situations. 
Response to selection could be measured in a divergent selection 
experiment (Hill, 1972). Environmental effects would not be confounded 
with g and no facilities would be wasted on a control population. 
Estimation of asymmetry of response, however, would not be possible. 
Hill (1972) also reviewed means of replicating the same genetic 
material in successive generations. Genotypes could be maintained and 
eventually, in the same environment, compared to a population under 
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selection for a particular trait. Difference in performance would be g in 
the selected population. Several means of replicating a genotype are: 
1 ) storage of genotypes such as seed or Tribolium, 
2) chromosome storage as used in Drosophila, 
3) gamete storage as in frozen semen (Every few years, females could 
be inseminated with stored semen. Offspring would be raised with 
progeny of current sires. The difference in performance would be 
a measure of 1/2 g), 
4) inbred lines which is similar to storage of gametes. 
Eandom-bred control populations have been used in designed experiments 
to estimate g (Goodwin et al., 1955; Legates and Myers, 1966). One 
limitation is the expense incurred to maintain a control stock of 
sufficient size (Syrstad, 1974). In addition, genetic change may occur 
despite efforts to keep a constant genetic level (Hill, 1972). 
Repeat mating designs have been proposed as means of measuring genetic 
trend. Pull-sibs bom in successive years should represent constant 
genotypes. Differences in performance of full-sibs in consecutive years 
could be used to estimate environmental change. A substantial number of 
full sisters in dairy cattle have been rather difficult to obtain. With 
embryo transfer, however, g estimation from full sisters is more likely to 
occur (Syrstad, 1974), althou^ anbiryo transfers in large numbers could be 
expensive. 
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Hickman and Freeman (1969) described a repeat-mating design where 
sires are used in consecutive years. In this type of designed selection 
experiment, 1/2 g would be estimated. 
Host researchers have estimated genetic and environmental trends from 
field data. Least squares estimation of environmental trend (t) from 
successive records of an individual was proposed (Nelson, 1943). This 
approach, however, leads to biases in t and g since age correction 
factors are confounded with environmental effects. Henderson (1958) 
reported that environmental trend in fat yield was biased downward by .22 
units for each unit that a first record was overestimated* A maximum 
likelihood method of estimating environmental and genetic trends was 
outlined (Henderson et al., 1959). Repeatability of cows* production 
records was utilized. Henderson (1958) also reported that t estimation was 
eiffected by the repeatability used. An overestimation of repeatability 
resulted in a downward bias in environmental trend. 
Several early studies dealt with comparisons of AI and natural service 
progeny (Hahn et al., 1958; Wadell and HcGilliard, 1959; Tucker et al., 
I960; Van Vleck and Henderson, 1961). Differences between the weighted 
averages of AI and non-AI-sired daughters were slightly in favor of the AI 
progeny, although, not always statistically significant. Van Vleck and 
Henderson (1961) estimated a small but steady increase from 1951 to 1959 
for genetic merit of milk and milk fat yields in the AI and non-AI 
populations. It should be noted that the data in these early studies were 
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from small regions of the U.S. and, in general, represented relatively 
small subpopulations. 
McDaniel and King (1974) looked at differences between Âl-sired and 
non-AI-sired cows calving in 1954 through 1969. The weighted differences 
generally favored AI progeny but were smaller in later lactations. This 
was probably due to heavier culling of non-AI sired dau^ters. The 
superiority of AI daughters increased in the 1960s. Fewer sires of low 
genetic merit may have been available through AI studs then. Differences 
between AI and non-AI cows may underestimate the influence of bulls in AI 
organizations since non-AI bulls may themselves be sired by AI bulls. 
Differences in registered and nonregistered cows in the same herd were 
studied by Van Vleck and Burke (1965). Milk and milk fat production in 
Holsteins was slightly greater for the registered cows. The advantage, 
however, was not consistent from year to year. The registered AI cows 
produced more than the registered natural-service cows. This difference 
was slightly larger than the difference between all AI and all non-AI 
Holstein cows. 
Environmental and genetic trends can be estimated utilizing first 
lactation records only. This alleviates the problems that arise when 
improper age adjustment factors are used. Smith (1962) proposed several 
methods for estimating g. These methods are dependent on the following 
expectations : 
E(tp.j) = g + t 
Eftp.T/s) = t + 1/2 g 
[1] 
[2] 
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^(\P-P).T/S) = - 1/2 S [3] 
[4] 
Regression estimates are represented as b. Performance (P) regressed on 
time of calving (T) is the total change in a population and consists of 
environmental trend (t) and genetic trend (g). The regression of 
performance on time of calving within sires (S) includes t and only 1/2 g 
since sires' genotypes remain constant. Within sire progeny groups, any 
genetic change across years will be due to differences in genetic merit of 
dams. Cow's performance deviated from the population average (P-P) 
is free from environmental trend. The expectation in Equation [3] is 
calculated as (t+1/2 g)-(t+g)=-l/2 g. The regression of performance on 
time within sire and dam (D) is expected to estimate environmental trend 
only. Animals within a subclass have the same parents and, on the average, 
the same breeding value. 
These expectations may be used to obtain estimates of g and t. Three 
methods of estimating g are: 
I = 2(BP 2 - VT/S^ 
g = -2(b(p_p),T/g) 
G ^ *P.T " ^P.T/SD 
[5] 
[6] 
[7] 
Effects of dams' age and culling could bias If older dams 
are bred to older sires, bpyp/g and consequently g will be biased. 
Equation [2] can be modified to account for age of dam or progressive 
culling of dams (Smith, 1962). 
®^^P.T/S^ ^ DA.T/S^/2 [8] 
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where P is the within-sire regression parameter for dam's age (DA) on 
time of daughter calving. Additionally, Equation [l] may be changed to 
E(bp.g,) = t + g(l-e^^.^/2) [9] 
(Everett et al., 1967). Eliminating the bias of dam's age results in 
« = 2(bp.2 - bp.T/g)/(l+bDA.T/g -
Older sires also may be mated to cows of superior genetic merit (i.e., 
older, highly proven sires bred to the best cows in the herd). The 
bp ^ will be inflated and g will be underestimated. Harville and 
Henderson (1967) developed an adjustment to account for dam's merit in the 
expectation of bp.^yg. 
E(BP.j/g) = t + .5(l-Bg^.g,/g)g + AD/2 [11] 
where AD is a within-sire-and-herd regression of dam's deviated production 
on sire's age, (^(pp.pj.g^/gg)» times heritability. In other words, D 
is a measure of the within-sire trend of dam's additive genetic merit 
relative to all possible mates. One-half of AD will be transmitted to the 
offspring. 
The bp^2 - tgp.g,yg or AC, where DP is the dam's production, is 
an estimate of additive genetic superiority over time that is associated 
with female culling practices (Everett et al., 1967). These researchers 
used AC to correct ^pj^.rp/g before g was obtained. 
Two methods for estimating g included adjustments for AD (Powell and 
Freeman, 1974). 
S - 2(bp.T/H ~ bp'T/HS*^^l/2)/(l*^DA'T/HS " ^DA'T/H^ 
g - - 2(b^p_p^^^ygg - AD2/2)/(l+b^^,g,ygg - [13] 
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The regressions were computed within herds (H). The AD^'s differ in that 
is a difference of regressions, (h^(bgp - ^ Dp.?/%)), ^ nd Dg 
is a regression of differences, (h^Cb^ppp^ g,yyg)). 
Equation [13] was a modification of Smith's work (1962) and was 
derived using 
Four herdmate averages (p) were computed. P^ and Pg included 
first lactation records of other cows in the same herd-year-season. 
Paternal half sister records were included in P^ and excluded in 
Pg. Paternal half sister records were used similarly to obtain two 
herdmate averages adjusted for number of herdmates (P^ and P^). 
Including paternal half sister records resulted in smaller g for both 
herdmate and adjusted herdmate averages. Smith (1962) stated that "the 
comparison of each sire with a population average which omits rather than 
includes that sire's progeny, will lead to some overestimation of genetic 
change, especially if only a few sires are involved." 
The regression of daughter performance on time within sire and dam 
subclasses (Equation [4]) yields î (Smith, 1962). A bias would be 
present if the number of progeny of a sire and dam is determined by the 
performance of the first progeny, or if age of dam affected the progeny 
performance. Harville and Henderson (1967) made no adjustment to their 
full-sib data. Their data covered only 6 years, which would not allow many 
full-sib families to be developed on the basis of the production of the 
first full sister. An adjustment for superiority or inferiority of 
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environment of the first full sister during her first lactation was 
developed hy Bumside and Legates (1967). Each full sister's first 
lactation milk record was adjusted for environment hy subtracting 78 kg. 
The environmental adjustment does not indicate the possible genetic 
superiority of the first-bom full sisters. 
More recently, the regression of sire's genetic merit on time has been 
used to estimate g (Batra, 1979» Hintz et al., 1978; Kennedy and Moxley, 
1975; Powell and Freeman, 1974; Powell et al., 1977b; Schaeffer et al., 
1975). The yearly change in average sire's transmitting ability, weighted 
by the number of offspring, represents one-half the change in genetic merit 
of the population. If the genetic trend in the dams is assumed to be the 
same as for sires, 
ê = ^^ SG'T [15] 
where SG is sires' transmitting ability estimate and T is time (year of 
dau^ter calving). The assumption of equal trend in dams will not be true 
if changes occur in sire selection, or if the trend in sire merit is 
increasing at an increasing rate. There will be a lag in time before the 
trend stabilizes in the females with daughters being the dams of the next 
generation. With overlapping generations, however, a span of several years 
is necessary before all dams are dau^ters of sires selected on the new 
criteria. The number of years necessary to reach a point of equal change in 
sires and dams depends on several population factors such as proportion of 
cows bred to young bulls (Dentine and HcSaniel, 1982). 
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Genetic Trend Estimates 
Four Isasic methods of estimating g have been utilized by most 
researchers. These basic methods and their modifications will be referred 
to as Method 1 (Equations [5], [10], [12]), Method 2 (Equation [6], [13])» 
Method 3 (Equation [?]), and Method 4 (Equation [15]). 
Harville and Henderson (1967) estimated g using records initiated in 
1956 to 1962. Method 1 was a slight modification of Equation [l2], while 
the Method 2 estimator was essentially as in Equation [13]. All 
regressions used in Methods 1, 2 and 3 were within herd or herd-sire 
subclasses. Data utilized in obtaining the three estimates were 9,352, 
35,241, and 1,608 records, respectively. Estimates are in Table 1. 
Genetic and environmental trend estimates for milk yield were similar for 
Methods 2 and 3 but varied from Method 1. Genetic change for milk fat 
yield ranged from -.1 to 3 kg. 
Data from 335 herds were utilized by Bumside and Legates (1967) to 
estimate g and t during 1953 to 1961. First lactation records of full 
sisters and paternal half sisters were in the data set. Year constants 
were computed after adjusting the records for the mean, herds, seasons, and 
year-season interactions. Â weighted regression of the year constants 
provided an estimate of total trend. First lactation records of full 
sisters were used to obtain $. Full sisters were assumed to be random 
samples of their parents* genotypes. Although full sisters might be of a 
selected group of parents, this should not affect t. The estimate of t 
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Table 1. Genetic and environmental trend estimates from Harville and 
Henderson (1967) 
Milk Production Milk Fat Production 
Method g (kg) t (kg) g (kg) t(kg) 
1 -12+38 188+39 -0.1+1.4 6.411.4 
2 68133 108+32 3.0+1.6 3.311.5 
3 58+23 118124 I.61O.8 4.81O.9 
pooled 47117 128117 1.510.6 4.9^ 0.7 
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was adjusted for the superior environment affecting the first lactation of 
the first-born full sister. 
Bumside and Legates (1967) also computed year constants within sires. 
To avoid bias due to older cows being mated to older sires, year constants 
were obtained within 2-, 3-, and 4-year old dam groups. The weighted 
regressions of year constants on year for each age group of dams were 
pooled. The expectation of the pooled regression was 1/2 g + %. 
Consequently, 
Values for were 45M6 kg milk and .018+^.003 milk fat percent while 
gg's were 55jJ;26 kg milk and .016^.005 milk fat percent. These 
estimates represented changes of •13% and .92$ of the population average 
for milk production, and .48$ and .44$ change for the population mean of 
fat percent. 
Holstein and Jersey production records from 1964 to 1968 were included 
in a study by Hargrove and Legates (1971). A slight revision of Method 2 
was used to calculate g. Estimates of g for 3 pairs of years from 1964 
to 1968 are in Table 2. Genetic change in milk production of Holsteins was 
significant for the pooled estimate and for the comparison of years 2 and 
3. Considerable fluctuation was found in the year pairwise values. No 
significant genetic change in milk production was observed in the Jersey 
population in this study. Genetic change, expressed as a percentage of the 
4 " ^(g+t) - t(t) 
and gg = 2(b(g^^) -
[16] 
[17] 
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Table 2. Estimates of genetic change in Holsteins and Jerseys 
(Hargrove and Legates, 1971) 
Years 
Holsteins 
Milk (kg) Milk Pat (kg) 
Jerseys 
Milk (kg) Milk Fat (kg) 
all 
1-2 
2-3 
3-4 
53213 
2±36 
85±35 
46+35 
1.8+0.5 
0.CM.3 
3.2^1.2 
1.4+1.2 
25127 
30+74 
26^ 63 
-19+69 
0.9+1.5 
1.2^3.6 
0.2^,0 
0.1+3.3 
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population mean, was .83$ for Holsteins and .65$ for Jerseys. Total 
phenotypic change was 13? kg and 68 kg for milk production in Holsteins and 
Jerseys, respectively. 
An extensive investigation by Powell and Freeman (1974) included 
genetic trend estimates from 5 basic methods (the four methods previously 
discussed and another which will be briefly described). Data were from 220 
herds participating in an AI organization progeny test program. Over 
13»600 milk production records begun in 1957 to 1969 were utilized. 
Regressions were computed within herd or herd-sire subclasses. Thus, 
estimates should be unaffected by herds entering or leaving the progeny-
test program. Two methods estimated genetic trend in both parents while 
the others reflected change in sires only. The trends in both sexes were 
expected to be the same even thou^ selection may have occurred only in one 
sex. If some change occurred in selection practices in one sex, genetic 
change in the other sex would lag behind for several years until the effect 
of different selection practices stabilized. 
Table 3 lists g's from the study of Powell and Freeman (1974). 
Method 1A is as in Equation [l2] while IB throu^ IF are modifications. 
Equation [13] is Method 2A. Slight changes in Equation [13] resulted in 
Methods 2B through 2F. Methods 3 and 4 are Equations [7] and [15], 
respectively. Since sire transmitting ability was regressed on month of 
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Table 5» Estimates of genetic trend from Powell and Freeman (1974) 
Method Milk (kg) Fat (kg) 
1A 
IB 
10 
ID 
IE 
IF 
84.8+29.9 
95.5+29.5 
97.7+54.4 
110.0+55.5 
80.0+25.9 
92.2^29.7 
1.94+1.00 
2.42+0.99 
2.25+1.15 
2.79+1.14 
1.84+0.92 
2.12+1.05 
2A 
2B 
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2D 
2E 
2F 
81.9+28.5 
71.1+29.5 
94.5+52.6 
81.9+55.7 
66.4+25.2 
76.5228.9 
1.54+0.97 
1.05+0.97 
1.77+1.12 
1.21+1.15 
0.95+0.89 
1.10+1.02 
5 155.4+54.7 5.0711.91 
4 49.922.4 -0.4710.09 
5 142.2+54.5 4.52+1.85 
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daughter calving, in Method 4 was multiplied by 24 to obtain a 
yearly genetic trend estimate. Method 5 is 
^ ^  " ^.(P-P).T/HSD 
or the minus of the regression of deviated adjusted herdmate average on 
time within full-sib families. The expectation of the regression is -g. 
The - ^DA,.T/HS^ ^ .152+^.037 yr, and indicated 
that for each year a sire remained in service, the cows that he was mated 
to were 2 months older (Powell and Freeman, 1974). Estimates of and 
Dg were 5.44jM7.36 kg and 17.8+15.16 kg for milk yield, and .11+^.48 kg 
and .672."46 kg for milk fat production, respectively. Estimates of g 
for milk were similar for Methods 1A and 2k. These methods used different 
values for D. Comparison of Methods 1A and 2B showed a difference of 14 
kg. Method 5 yielded a substantially larger g (I33«4j^54.7 kg milk) 
with ^p.tp/HSD -54 kg for milk and -2.2 kg for fat. The negative 
estimate may have been correct, may have been due to the small sample size, 
or may indicate that selection occurred on the basis of first lactations of 
first-hom full-sib family members. First-born full sisters may have had 
relatively large production records due to superior environment. 
Generally, a positive relationship may exist between D and A in 
Methods 1 and 2 because older cows tend to be hi^er producers. Some 
negation of effects occurs. Ignoring both adjustments often will result in 
fewer biases than when only one adjustment is made. 
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Intraherd genetic trend was estimated as 49«9^kg milk and -.47^.09 
kg fat by Method 4 (Powell and Freeman, 1974). Proper definition of groups 
in the sire evaluation process was important in estimating g by this 
method. 
Method 5 yielded the largest g in the work of Powell and Freeman 
(1974). This estimate, however, was not significantly different from the 
other g*s in their study. Estimates from Methods 1A, 2k, 5» 4, and 5, 
expressed as percentages of the population average were 1.59^, 1.55%, 
2.20%, ,82% and 2.35% for milk; and .88%, .70%, 2.29%, -.18% and 2.04% for 
fat. Approximately 2% is considered the maximum possible (Rendel and 
Robertson, 1950; Specht and McGilliard, I960). 
Genetic trend for milk fat yield was inconsistent. This may be 
partially explained by the periodic concern over milk fat percent in the 
dairy industry. In addition, change in fat yield is a function of the 
changes in milk yield and milk fat percent. 
Schaeffer et al. (1975) evaluated 453 AI bulls in Canada. Best Linear 
Unbiased Prediction (BLUP) estimates of sire merit were calculated using 
two grouping procedures: 
a) year of first daughter record, and 
b) AI stud by year of first dau^ter record. 
Over 176,000 Ontario 2-year-old Holstein cows were grouped by year of 
freshening. The average merit of their sires was calculated within year of 
daughter freshening. Twice the weighted regression of average sire 
estimated transmitting abilily (ETA) on year was g. Using twice the 
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yearly change in sire ETA assumed an equal rate of change in genetic merit 
of dams and sires. BLUF estimates of dam's genetic merit were not 
available to test the assumption. Genetic change was consistent across 
year except for a sharp decline in 1967. Estimates of g were 41.8 kg for 
milk and 1.26 kg for milk fat. A relatively small change in group 
solutions suggested that the trend in Ontario Holsteins was due more to 
differential use of high merit bulls than to improved genetic merit of 
bulls entering AI. 
Powell et al. ( 1977b) computed Modified Contemporary Deviations (MCD) 
for sires. They used over 3 million first lactation daughter records begun 
from January 1960 throu^ the summer of 1975. MCD's were computed for 
bulls of the six dairy breeds. Estimated breeding values (EBV) of all 
sires were computed as twice their average MCD's. Resulting average EBV's 
were essentially the same as twice the H> but were obtained more easily. 
Average MCD's of sires were computed within month of daughter freshening. 
Genetic trend was determined as the regression of monthly average sire EBV 
on month of dau^ter calving. This value, multiplied by twelve, estimated 
the yearly genetic change. Although dams would have a lower genetic merit, 
the same rate of change was expected, assuming that the trend for sires was 
linear. EBV's of cows were estimated by accounting for the expected 
genetic merit of the sire of the dam based on the expected year of her 
first lactation. The formula for EBV of cows included 1/2 the EBV of the 
sire, 1/4 EBV of dam's sire, 1/8 EBV of dam's maternal grandsire (HGS) and 
1/8 EBV of dam's maternal granddam (MOD). The EBV's of the dam's sire and 
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the dam's MGS depended on the age distribution of the dam. Probabilities 
of a dam having her first lactation in one of the ten years previous to her 
daughter's calving were used. The g computed from the separate 
regressions of EBV of sires and EBV of cows on each month of freshening 
times twelve are in Table 4. Only g's for milk yield were calculated 
using EBV of cows. The g's for milk fat percent were negative for I960 
to 1975 and for 1968 to 1975 with a faster rate of decline for the latter 
years. 
For all breeds but Ayrshires, g's from both methods were larger in 
1968 throu^ 1975 for milk and milk fat (Powell et al., 1977b). The 
genetic trend estimated from EBV of sires was larger than that calculated 
from EBV of cows. This suggested that the change in EBV of sires was not 
linear. Consequently, the rate of genetic change in dams was less. A time 
lag is necessary before the rates of change in dams and sires stabilize. Or 
the rates of change may never stabilize if sire trend remains nonlinear. 
Genetic trend in the Quebec Holstein population was studied by Kennedy 
and Moxley (1975). First lactation records of 5»288 cows calving in 1966 
to 1972 were utilized. BLUP estimates of transmitting ability for 52 AI 
bulls were computed. Sire groups were formed by considering year of 
initial AI service. The five groups consisted of bulls entering AI during 
one of the 2-year periods. Twice the regression of the weighted average 
for sire merit on year of daughter's calving was g in the cow 
population. A g for all AI daughters and a g for AI daughters in 
28 
Table 4« Annual trend in average breeding values of cows (BVC) and of 
sires (BVS) for first-lactation cows (Powell et al., 1977b) 
Trait Ayrshire Guernsey Holstein Jersey B. Swiss M. Shorthorn 
BVS milk (kg) 
1960-75 52 20 18 19 56 25 
1968-75 7 26 58 65 80 58 
BVC milk (kg) 
1960-75 25 14 8 10 19 14 
1968-75 1 6 20 21 54 45 58 
BVS fat (kg) 
1960-75 1.0 .8 .5 .5 1.0 1.0 
1968-75 . 5 1.2 .7 2.1 2.0 2.3 
BVS fat% 
1960-75 -.0069 -.0028 -.0059 -.0120 -.0072 -.0024 
1968-75 -.0006 -.0004 -.0106 -.0500 -.0228 -.0044 
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tested herds were determined. The number of AI dau^ters «as approximated 
by summing the number of conceptions (number of inseminations x % non­
return rate) for each bull. 
Average genetic merit of sires of AI heifers increased and then 
plateaued for milk, milk fat and milk protein yields (Kennedy and Hoxley, 
1975). Genetic trends in all AI daughters were 46.5 kg milk, 1.07 kg milk 
fat, .54 kg milk protein, -.0041 milk fat percent and -.0079 milk protein 
percent while corresponding values for AI milk-recorded cows were 57 kg 
milk, 1.86 kg milk fat, 1.08 kg milk protein, -.0051 milk fat percent and 
.0137 milk protein percent. 
Genetic trend in the Northeast U.S. from 1961 to 1974 was estimated 
(Hintz et al., 1978). First lactation records were used to compute BLUP 
ETA'S for cows and sires of five dairy breeds. Yearly average sire ETA*S 
weighted by the number of daughters per sire, and average EBV of cows for 
each year of first calving were used to obtain g. Average sire ETA and 
average cow EBV were each regressed on year of calving. Estimates of 
genetic gain for Ayrshires, Brown Swiss, Guernseys, and Jerseys fluctuated 
over the 14-year period. Yearly differences in the average genetic merit of 
AI-sired Holstein cows were relatively uniform. Annual genetic gains of 
non-AI Holsteins and Guernseys were slightly greater than g's among AI-
sired Holsteins and Guernseys. Only in the Jersey breed was genetic gain in 
the AI sample considerably greater than the genetic change in the non-AI 
sired population. 
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Genetic trends for milk yield (Hintz et al., 1978) estimated as the 
regression of average cow merit on year, were 36.1 kg, 25.4 kg, 26.1 kg, 
25.0 kg and 38.1 kg for Al-sired Ayrshires, Guernseys, Holsteins, Jerseys 
and Brown Swiss. Corresponding values for the non-AI populations were 36.1 
kg, 35.4 kg, 31.0 kg, 12.8 kg and 36.4 kg. Trends in average ETA of sires 
were doubled to also estimate g. The g's for milk calculated in this 
manner were 47.4 kg, 29.2 kg, 35.8 kg, 36.6 kg and 69.4 kg for Ayrshires, 
Guernseys, Holsteins, Jerseys, and Brown Swiss, respectively. These values 
clearly are larger than g's estimated from average EBV's of the AI-sired 
cow populations. Again, the assumption can not be made that genetic change 
due to sires is the same across years. 
Batra (1979) computed g for Ayrshires, Guernseys, Holsteins and 
Jerseys in Canada. BLUP sire evaluations were calculated using production 
records of 2-year-old cows. Twice the linear regression of the weighted 
average ETA*s of sires on year of daughter's first calving was g. The 
contribution of dams to g was assumed to be the same as that for sires. 
Trends were given for 1958-1965, 1966-1975 and 1,958-1975. The g for 
Jerseys in the latter 10 year period was greater than g for 1958-1965. 
In all other breeds, g was greater in the first 8-year period. Genetic 
trend for the entire 18 year period in Holsteins was approximately 38 kg 
milk and 1.57 kg milk fat. 
Other studies dealing with genetic change in dairy cattle have 
not been as extensive. Hillers and Freeman (1966) used production records 
initiated from 1951 to 1962 in 76 large Holstein herds in California. The 
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within-sire regression of progeny performance deviated from adjusted 
herdmate average on time of dau^ter calving was used to estimate g. The 
annual genetic change was 14 kg milk and .53 kg milk fat, representing .26? 
and .24? of the population means. The average within-sire regressions of 
dam's deviated record on time were relatively small (.0021 kg milk and 
-.0002 kg milk fat). From these results, the assumption was made that 
average merit of mates had little effect on g. 
Within-sire regression of daughters* deviated records on time of 
calving was utilized by Branton et al. (1967) to obtain g of 50.9 kg 
milk and 1.25 kg fat from 1930 to 1965 for the Louisiana State University 
Holstein herd. Bumside et al. (1968) also estimated genetic change within 
an university herd for the period of 1955 to 1965. Environmental effects 
for each year were estimated by maximum likelihood (Henderson et al., 
1959), and regressed on years. This estimate of environmental trend was 
subtracted from the phenotypic trend yielding g. Genetic change was not 
significantly different from zero for Eolsteins. In the Ayrshires, g 
was 1.0?, 1.2? and .7? of the mean for milk, milk fat, and milk fat 
percent, respectively. 
The tnaYiTniim likelihood procedure also was used by Ârave et al. (1964) 
to estimate î in Jerseys of the University of California breeding 
project herds. Estimates of yearly genetic change were calculated by 
linear regression of fat corrected milk (PCM) on year of calving. PCM had 
been adjusted for yearly environmental effects. The range of the within-
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herd regressions was 53 to 145 pounds PCM with an average regression of 74 
pounds PCM. This was approximately ,1% of mean annual yield. 
Verde et al. (1972) and Palmer et al. (1971) analyzed records hy least 
square procedures with herd, season, year, age, length of record and sire 
in one model. A second model contained all the effects of the first model, 
except sire. Annual trends for year constants were computed for both 
models. The difference between the trends in year constants of the two 
models was g. Annual genetic changes for Holsteins, Jerseys and 
Guernseys were 55 kg milk, -.7 kg milk fat and -.054 milk fat percent; 22 
kg milk, 1.5 kg milk fat and .008 milk fat percent; and 92 kg milk, 2.8 kg 
milk fat and -.048 milk fat percent, respectively (Verde et al., 1972). 
Palmer et al. (1971) reported g of 57.5 kg milk and -.016 kg milk fat 
percent in a Holstein herd from 1951 to 1968. 
First-lactation Holstein (5,751) and Jersey (2,557) production records 
initiated in Texas from 1951 to 1961 were evaluated by Qureshi (1963). 
Least squares estimates of average genetic merit of registered and grade 
sire progeny groups were calculated for each year-season. The rate of 
increase for genetic merit in both breeds was larger in the offspring of 
grade bulls. The offspring of the registered sires, however, began at a 
higher genetic level. 
Before accurate ETA's were available, estimation of g involved the use 
of regressions of daughter performance on time, within various subclasses. 
During the early 1970s, new methods of bull and cow evaluation were 
developed. ETA*s of males and females were adjusted for environmental 
55 
effects. In addition, genetic trend was accounted for in the EDA 
calculations. Annual genetic change, more recently, has been estimated 
from regressions of sire or cow ETA's on time. The estimates of g from 
t h i s  m e t h o d  m a y  b e  m o r e  a c c u r a t e  m e a s u r e s  o f  g e n e t i c  t r e n d .  M e t h o d s  1 , 2  
and 5 were dependent on various adjustments, such aa for age of dams or for 
superior environment of first-bom full sisters. 
Pedigree Selection of Young Bulls 
Choosing the parents of young bulls can account for 70 to 76 percent 
of the genetic change in a dairy cattle population (Robertson and Rendel, 
1950; Skjervold, 1965). Young bulls are selected to enter progeny testing 
programs on the basis of their pedigrees. Consequently, it is essential 
that pedigree information be given optimum emphasis for maximum genetic 
change to occur. A number of studies have been done in recent years to 
determine the effectiveness of pedigree selection and the amount of 
selection pressure applied to sires and dams of young bulls chosen for 
progeny testing. 
Selection index theory, first applied to animal breeding by Hazel 
(1945), can be used to combine various amounts of pedigree information to 
maximize response from pedigree selection. 
The mmrimum theoretical correlation between the pedigree estimate of a 
young sire's genetic merit and his actual merit is /IT or .71. Henderson 
(1964) has stated that in actual practice the upper limit of the 
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correlation is .67. This is the approximate value when sires have many AI 
progeny and dam information consists of: 
a) five records, 
b) many AI paternal sisters, 
c) five progeny with two records each, 
d) four maternal sisters, 
e) five records on her dam, and 
f) many AI paternal sisters of her dam. 
This amount of production or 1grpe classification information is available 
for few cows. 
The use of pedigree information beyond sire, dam, and maternal 
grandsire (HGS) yields a relatively small increase in the theoretical 
correlation between a son's predicted progeny performance and actual 
transmitting ability. Batcher (1976) calculated theoretical values 
(correlations squared) for pedigree indexes used to predict transmitting 
abilities of young bulls. Various amounts of information on relatives were 
utilized in the pedigree indexes. Average repeatabilities of sire and MGS 
Predicted Differences (PD) were assumed to be .90. ¥hen only sire PD was 
used to predict son's PD, the theoretical correlation was .474. If one 
record of the dam or the MGB PD was included with the aire PD, the 
correlation of the pedigree index with son ED increased by 11 and 12%, 
respectively. The correlation or accuracy continued to increase with the 
addition of pedigree information. A pedigree index of sire ED, 3 records 
of the dam, and MGS PD was 21^ more accurate than sire ED alone. The gain 
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in expected accuracy when additionally using information from maternal 
half-sibs, maternal granddam, maternal great-grandsire and maternal half 
sisters of the dam was less than 4%. In the study of Van Vleck (1969), the 
increase in the theoretical correlation was 3^ when maternal sisters, 
maternal granddam and maternal sisters of the dam were added to an index 
already consisting of sire, dam and HQS information. 
Deaton and McGilliard (1965) reported that records of dams and 
maternal half sisters added little to the accuracy of estimation of a cow 
breeding value. Paternal half sister and dau^ter information was more 
useful to the predictive index. 
The efficiency of selection indexes computed in retrospect was 
determined by Van Vleck (1969). Relative selection efficiency (ESE) was 
computed as the ratio of the correlation between the retrospective index 
and the true daughter superiority to the average correlation between the 
theoretical index and the true daughter superiority. As fewer relatives 
were included in the indexes, the average BSE tended to increase. To 
compare the net efficiencies of the actual indexes for different 
combinations of pedigree information, the correlations between the true 
dau^ter superiority and the indexes in retrospect were calculated. Based 
on these values, net efficiency of selection was greatest when the index 
contained sire's proof, dam's records, and HGS's proof. The reduction in 
net efficiency with the addition of relative information was due to 
differences in the actual and theoretical weights given to the pedigree 
information. 
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Prediction of Son's Transmitting Abilities for Production Traits 
Most pedigree evaluations in dairy cattle have dealt with production 
traits. Butcher and Legates (1976) extensively examined the use of sire, 
dam and MGS information in the Holstein breed to predict a son's eventual 
PD. Correlations between sire and son PD's were .38 for sons entering AI at 
less than 37 months of age, .24 for sons entering AI after 36 months of 
age, and .24 for non-AI sons with repeatabilities of less than .33» 
Dickinson et al. (1969) reported that sire-son correlations increased as 
repeatabilities of sire and son proofs increased. 
In a study of young bulls entering seven AI organizations (Vinson and 
Freeman, 1972), regression coefficients for sire transmitting ability 
estimates when used to predict son's transmitting ability were .40 and .41 
for milk suid milk fat yield, respectively. Corresponding sire-son 
correlations were .20 and .19. Van Vleck and Carter (1972) evaluated 240 
pedigrees of bulls from 2 AI organizations. The actual weights given to 
sire proofs were .157 and .312 with sire-son correlations of .14 and .26. 
The difference in the actual weights may be partially explained by the two 
different procedures used to evaluate bulls (herdmate comparison PD versus 
Northeast Sire Comparison). 
A comparison of several pedigree indexes of young bulls based on 
herdmate comparison (HHC) and BLUP proofs was conducted by Stewart et al. 
(1976). Their data were information on 216 Holstein bulls which entered 
Canadian AI units from 1962 to 1970. Regression values for sires when used 
alone to predict sons' transmitting abilities were .46 and «56 for HKC and 
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BLUP progeny proofs, respectively. Sire-son correlations were .353 and 
.442. Another study (Schaeffer, 1981) dealt with the prediction of son 
BLUP evaluations. A sire-son regression of .491 was reported with a 
correlation of .57. Schaeffer (1981) included a covariate for year of 
entry into AI to account for time trends in sire selection practices. 
Approximate modified contemporary comparison (MCC) PD's of sires were 
used to predict son's MCC PD (Vinson and Vhite, 1982). Regressed, 
contemporary deviations (RCD) and unredressed contemporary deviations (CD) 
also were included as dependent variables since they did not have a part-
whole relationship with pedigree index (1/2 sire PD + 1/4 MGS PD) of sons. 
Several data subsets were created on the basis of the AI status of sires 
and sons (i.e., AI or non-Al). Regressions of son PD on sire PD were less 
than expected (.5) ranging from .32 to .41. The lowest weight was observed 
when AI sons were regressed on AI sires. The failure of regressions to 
equal expected values may be due to the use of Group Average (GA) rather 
than Pedigree Index (Pl) in PD calculations. RCD and CD would be free of 
this problem. When sire PD was regressed on RCD or CD of son, regressions 
were equal to or greater than expectations for non-AI son predictions but 
less than expected for AI son predictions. Use of GA rather than PI does 
not fully explain the relatively small regression coefficients. Others 
(Robertson, I960; Odegard and Robertson, 1967) using different calculations 
for ETA'S of sires and sons, also have obtained less than expected weights 
for regressions of son on sire. 
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Several researchers have found that the first records of dams are the 
most useful when dam information is used to predict a son's eventual 
progeny test. Butcher and Legates (1976) reported correlations between 
son's PD and dam's first, second and third production records of .21, .16 
and .16 (pedigree-selected AI bull group). They also found that as 
additional production records were included in Cow Indexes (Cl) of the 
dams, the dam-son correlation declined even thou^ the correlation was 
expected to increase. The later records may not be as useful because the 
heritability (h^) of later lactations is lower than h^ for first 
lactation. Molinuevo and Lush (1964) reported lower h^ for second and 
later production records, and suggested that less weight be given to that 
information when estimating a cow's BY. Preferential treatment of high 
producing cows also would reduce the accuracy of later records used as 
predictors of son PD. 
Regressed, average deviations of dams were the independent variables 
in the study of Vinson and Freeman (1972). Empirical weights for dam 
information were .43 for milk and .39 for milk fat. Correlations between 
son and dam were .11 for both traits. Van Vleck and Carter (1972) 
obtained regression coefficients of .021 and .024 for unregressed average 
records of dams. Correlations were .074 and .075. The relatively small 
regressions and correlations did not necessarily imply that dam information 
was not important in selecting young bulls for progeny testing. It may be 
that differences among the highly selected dams were of limited importance 
in predicting the performance of a son's dau^ters. 
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Lower son-dam correlations also were reported by Vinson and White 
(1982) when dam EDA was computed from later lactation records. Rothschild 
et al. (1981) examined prediction equations consisting of sire ED and dam 
CI. CI's for dams were computed using their first, first two, or first 
three lactation records. For milk and milk fat yield, the accuracy of 
prediction declined with the addition of dams* production records. The 
correlation between son's PD fat percent and the fat percent index of sire 
and dam, however, consistently increased as more dam records were included. 
Several of the previously cited studies have presented results for 
son-MGS prediction equations. Correlations between son and HQS progeny 
tests were .24 (pedigree-selected AI sons), .13 (progeny-test selected AI 
sons), and .12 (non-AI sons) (Butcher and Legates, 1976) and .070 and .239 
for the bulls of two AI organizations in the work of Van Vleck and Carter 
(1972). 
Various amounts of pedigree information have been used in different 
combinations to predict son's eventual daughter superiority. Composite 
pedigree indexes (Pl) for milk yield have been constructed using 
theoretical weights for the pedigree information. Butcher and Legates 
(1976) found that a combination of sire ED, dam CI from the first 
lactation record, and MGS PD in a theoretically determined index was 
essentially as accurate a predictor of son ED as was a multiple regression 
equation including the same information. Van Vleck and Carter (1972) 
reported different results with the son-PI correlation being slightly, 
although not significantly, larger than the correlation between son ED and 
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the multiple regression equation containing sire, dam and HGS information. 
Regression coefficients for 71 were .561 and «654, less than the expected 
value of 1.0 (Van Vleck and Carter, 1972). The study of Butcher and 
Legates (1976) yielded empirical weights of .732 and .248 for PI of 
pedigree-selected AI bulls and non-AI bulls. Smaller than expected 
regression coefficients for EL generally were a reflection of misweighted 
ancestor information in the theoretically determined index. 
Stewart et al. (1976) considered two pedigree index calculations for 
Canadian milk proofs. One composite index contained sire, dam and maternal 
granddam (MOD) ETA values. The approximate index included sire and MG8 
progeny performance proofs for milk production. Weighting factors in both 
indexes were developed from selection index theory. The regressions of son 
HMC progeny test on the respective indexes were .70 and .94 with 
2 
corresponding R of .172 and .159» BLUP progeny proofs of sons were 
regressed on the complete index consisting of HMC estimates of ancestor 
transmitting ability and on the approximate index calculated from sire and 
MGS BLUP evaluations. The approximate BLUP index accounted for more 
variation (27%) in the BLUP progeny performance proofs of sons than did the 
complete HKC index (19$)« Regression coefficients for the complete and 
approximate indexes were 1.16 and .70. 
Powell et al. (1977a) found PI to be an accurate predictor of MCC PD's 
of sons. Regressions of son PD on PI were .85 and .94 for AI and non-AI 
sampled sons, with an expectation of 1.0. PI was calculated as 1/2 sire 
PD + 1/4 M6S PB. 
41 
Rothschild et al. (1981) studied pedigrees of young hulls which had 
been sampled in AI. Dependent variables used in prediction equation were 
PD's computed from dau^ters' first lactations only or from all daughter 
production records. A total of 1,340 pedigrees included information on 
sire, dam, MGS, MOD, paternal grandsire (PGS), and paternal granddam (PGD). 
Prediction equations were developed by stepwise regression techniques. 
Independent variables that were significant at P<.5 were included in the 
2 prediction equation. The last model prior to a change in E of less 
than 1% was accepted as the prediction equation. Independent variables 
(pedigree information) were removed if they no longer were significant at 
P<.5. Resulting prediction equations for ED milk and ED fat of sons 
included sire ED, dam CI and MGS PD. It should be noted that Hffî PB also 
was contained in dam CI. Sire ED and dam CI were the most important 
sources of information when predicting son ED fat percent. For all three 
traits, information from PGS, PGD and MGD was of little predictive value. 
In addition, MGS PD contributed little to the prediction of son's progeny 
test for fat percent. 
In the work of Vinson and White (1982), the complete prediction 
equation included sire, dam and MGS information. Multiple correlations for 
the 3-pedigree-member equations were similar to those for models including 
PD's of sire and MGS. Adding ETA of dams did not increase the accuracy of 
predicting son ED when sons, sires and MGS were progeny tested in AI 
organizations. 
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Schaeffer (1981) examined various combinations of sire, dam, HGS and 
M6D production information. Correlations for the various son prediction 
equations were difficult to compare since a different number of pedigrees 
were evaluated for each equation. HGS and HGD information seemed to 
contribute minimally to the accuracy of prediction when ETA's of sire and 
dam already were present. Vhen dam, HGS, and HOD information was included 
in prediction equations, weights for BLUP HGS proofs and HGD ETA's were 
expected to be zero. The BLUP ETA calculations for cows had utilized 
information on their sires and dams. Results showed that the regression 
coefficient of HGS proof was not zero. This indicated that MGS informa­
tion was additionally useful in prediction equations already containing 
dam ETA. The model used to estimate dam's ETA may not be completely 
accurate. 
Selection indexes in retrospect indicate the actual weighting that was 
given to pedigree information when bulls were selected for progeny testing. 
Van Vleck (1969) investigated the selection practiced in choosing parents 
of 541 bulls that entered service at Eastern Artificial Insemination 
Cooperative. Dams and HGD's, generally, were found to receive too much 
emphasis relative to theoretical weights. Consequently, the progeny 
performance proofs of sires were underemphasized. The results of Vinson 
and Freeman (1972) indicated that seven AI studs had overemphasized milk 
fat production and type classification scores relative to milk production 
when selecting young bulls for progeny testing. Optimum weights for the 
theoretical index were based on the U.S. milk and milk fat pricing 
structures and ratios of milk value to type value ranging from 3:1 to 20:1. 
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Pedigree evaluation research has not consistently dealt with fat 
percent prediction. Butcher and Legates (1976) reported correlations 
between son ED fat percent and various prediction equations. Son-dam 
correlations were larger than correlations between son-sire or son-KGS. In 
addition, the correlation of son ED fat percent with dam's first, second 
and third records were essentially equal. For corresponding pedigree 
relationships, Schaeffer (1981) reported higher correlations for milk fat 
percent compared to milk yield. This was expected since milk fat percent 
has a higher heritability than does milk yield. H6S information also has 
been shown to be less useful in predicting progeny test for fat percent of 
sons (Butcher and Legates, 1976; Rothschild et al., 1981). 
Regressions of son ETA on ancestor information generally have yielded 
smaller than expected regression coefficients. Neither son ETA nor 
ancestor ETA are estimated without error. This could partially explain the 
lack of agreement between actual and expected regression coefficients. 
Various combinations of ancestor information have been utilized. As 
expected, information from sires, dams, and HGS was most useful in 
prediction equations for production traits. Other ancestor information 
added little to the accuracy of prediction. Dairymen and AI organzations 
could benefit by making young bull selection decisions based on sire, dam 
and HGS merit. 
Prediction of Son's Transmitting Ability for Type 
Few studies have considered pedigree selection for type* Cassell et al. 
(1971) examined the relationship of average final score of a son's daughters 
with average final score of his sire's dau^ters. Correlation coefficients of 
average daughter type scores for 1,052 sire-son pairs (some sires were 
included several times) and 382 sire-oldest son pairs ranged from .24 to 
•38. In a later study, Cassell et al. (1973) were concerned with the 
regression of son on sire for average dau^ter score. The observed 
regression coefficient of sires was .29 compared to the expected value of 
.45. The empirical correlation was .27. This group of 1,872 son-sire pairs 
were divided into subsets representing AI sires and AI sons, AI sires and 
non-AI sons, non-AI sires and AI sons, and non-AI sires and non-AI sons. 
The regression coefficient for AI sires of AI sons was less than the 
regression weightings for AI sires of non-AI sons, and non-AI sires of non-
AI sons. Correlations and regressions of the AI-son and AI-sire group were 
expected to be most representative of true relationships since the daughter 
averages of AI sires and AI sons would be less biased by environmental 
confounding than the other groups. Vinson and Freeman (1972) regressed 
son's progeny test for classification score ("Difference from Expectancy") 
on that of his sire and obtained a weighting of .30. 
McNeill et al. (1976) studied the relationships of 787 son-sire pairs 
with respect to Predicted Differences for type (PDT). PDT's in this study 
were computed using a breed average comparison of daughters' age adjusted 
final scores. The regression coefficient for sire's PDT was .228 and lower 
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than the theoretical value of .388. Lee et al. (1985) also reported sire 
regression coefficients which were less than expected. Their study 
examined prediction equations for son EDT's calculated by three methods. 
Computing procedures were herdmate comparison (HHC), herdmate comparison 
adjusted for genetic merit of herdmates (.AHHC) and BLU?. When sire EOT was 
regressed on son EOT, actual weights were only 75 to 85^ of the expected 
values. 
When son's progeny test for classification score was regressed on 
dam's final score, Vinson and Freeman (1972) observed a coefficient of .46. 
Schaeffer (l981) also used final classification scores of dams to predict 
son ETA. The correlation between dam's final score and son's BLUP progeny 
test for type was .40. 
Dam's estimated transmitting ability (h^ times dam's record 
deviated from breed average) was used as the independent variable to 
predict son's PDT in the work of McNeill et al. (1976). The weighting for 
dam ETA was much larger than expected, .616 versus .588. This was 
explained by the possible existence of a covariance between management 
practices and/or selection goals of herds in which the dam was raised and 
herds that initially sampled the son. Regression coefficients for dam's 
ETA also were larger than expected when used in combination with sire and 
MG8 PDT's. When son PDT was regressed on dam ETA, Lee et al. (1985) 
reported regression coefficients for dam ETA that were more nearly equal to 
the expected values, ranging from 81 to 121# of expected. Dam ETA was 
2 
calculated as h times her age-adjusted final score deviated from herd 
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average. Accounting for environmental differences among herds by MC, AHHC, 
and BLUP in the work of Lee et al. (1985) appeared to have reduced the 
effect of the covariance suggested by McNeill et al. (1976). 
Son-MGS relationships also have been studied (McNeill et al., 1976). 
The regression of son EOT on MGS PDT yielded a weight of .157 compared to 
the theoretical value of .205. Additionally, regression coefficients for 
MGS PDT were less than expected when MGS was included in prediction 
equations with other pedigree members. In Lee et al. (1985), regressions 
of son PDT on PDT of MGS were variable across prediction equations, ranging 
from 40 to 83% of expected. Empirical regressions for MGS most nearly 
equaled their expected values when evaluations of MGS were used alone to 
predict son PDT. When prediction equations included sire PDT, MGS PDT and 
dam ETA, empirical regressions for MGS PDT tended to be much less than the 
theoretical values (40 to 61$ of expected). A regression coefficient of 
.10 in Schaeffer's (1981) study was less than the expected value of .25 
when M(^ type proof was used to predict son's 1ype proof. The empirical 
weight for MGS proof also tended to be small when in prediction equations 
with other ancestor information. 
Composite indexes (CI and Pi) have been examined. McNeill et al. 
(1976) constructed CI's by weighting dam and MGS as determined by selection 
index theory. The regression coefficient for CI was .555» The correlation 
of .270 between dam CI and son PD was less than that of the equation which 
allowed for optimim weighting of dam and MGS information by least squares 
methods. The correlations between dam CI and son PD were approximately 1% 
47 
smaller than the correlations for prediction equations containing dam and 
MGS information as 2 separate values in the work of Lee et al. (1983). The 
correlations for the two equations (dam CI, and dam ETA + HGS PD) were 
expected to be equal. Lee et £L1. (1983) reported that correlation and 
regression coefficients were closest to expected when dam CI was used to 
predict AHMC (adjusted herdmate comparison) PDT of sons. In contrast to 
results for dam CI, empirical regressions of son PDT on pedigree index were 
most nearly those expected when evaluations were by BLUP (Lee et al., 
1983). Regressions for son PDT on PI yielded coefficients for PI that 
ranged from .138 to .204 (57 to 63^ of expected) while correlations were 
.234 to .337. Pi's computed by McNeill et al. (1976) also consisted of 
information from sire, dam, and MGS. Their regression coefficient for PI 
was .482, considerably less than expected (.749)» 
Stewart et al. (1976) constructed a pedigree index for lype which 
included sire, dam, MGS, and MGD information. Sire and MGS progeny 
performance proofs were utilized while dam and MGD information was their 
unadjusted point scores deviated from breed average. The index including 
all relatives was a more accurate indicator of a son's ^rpe proof than was 
the index including sire and MGS type proofs (r=.335 vs. .317). Regression 
coefficients for the complete index and that based on sire and MGS were .34 
and .33* Althou^ all sons had positive pedigree indexes for type, only 38? 
had positive progeny tests for that trait. 
As in predictions of son ETA for production traits, prediction of son ETA 
for type also yielded smaller than expected regression coefficients for 
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ancestor information. Comparisons among the various studies are difficult 
because each was predicting sons* ^rpe proofs which had been calculated by 
different methods. Nonetheless, ancestor information was effective in 
prediction equations for son type proof. 
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DATA DESCRIPTION 
Data were provided by the Holstein-Friesian Association of America 
(HFAA). Pedigrees of 440,702 males and 526,956 females registered in the 
HFAA herdbook were available for analyses. The animals were bom between 
1960 and 1979, inclusive. Table 5 lists the number of males and females by 
birth year. All registered males and every tenth registered female bom in 
the 20-year span were in the data set. The data set of registered females 
was created by including all females whose registration numbers ended in 
zero and that were bom during 1960 through 1979. Pedigrees of sons and 
daughters (animals bom in I960 through 1979) included information of sires, 
dams, maternal grandsires (MGS), and maternal granddams (H6D). Information 
consisted of estimated transmitting abilities (ETA) for milk, milk fat, and 
milk fat percent for all individuals (sons, dau^ters, ancestors). In 
addition, ETA*s for type were available for male pedigree members (sons, 
sires and HGS's). 
Pedigrees were constructed in August 1982 and included all information 
available at the time. ETA's were not available for all animals and their 
ancestors. Consequently, various amounts of information were in the 
pedigrees. All pedigrees contained birth dates of offspring and ancestors. 
In addition, the number of male and female progeny was provided for all 
animals in the data set (i.e., cows and bulls bom in I960 through 1979). 
ETA'S for production traits (milk, milk fat, and milk fat percent) of 
males were expressed as Predicted Differences (PD). Only PD's computed in 
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Table 5* Distribution of data (pedigrees) by birth year and by sex 
of animal 
Birth 
Year No. of Hales No. of Females 
1960 21554 25488 
1961 21165 24464 
1962 19611 24119 
1965 18752 24509 
1964 18825 24472 
1965 17922 24664 
1966 19414 25541 
1967 19896 25828 
1968 19498 26097 
1969 19854 25971 
1970 21499 26042 
1971 21795 26507 
1972 25480 26769 
1975 24489 26765 
1974 21695 26895 
1975 20456 27078 
1976 25945 28280 
1977 26270 29150 
1978 28544 29547 
1979 32242 50994 
Total 440702 526956 
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October 1974 or later were utilized. From 1967 to 1974, sire evaluations 
also had been designated as PD's. Measures of sire ETA before 1974, 
however, were not computed to a constant base. Consequently, ED's 
calculated before October 1974 were biased by genetic trend, and could not 
be used to accurately estimate genetic change. In the fall of 1974, 
several modifications, which included sires being evaluated to a constant 
genetic base, were made in the ED formula (Dickinson et al., 1976). 
Predicted Differences for type (PDT) were Best Linear Unbiased 
Prediction (BLUP) estimates of transmitting ability. They also were 
computed to a constant genetic base. 
Cow Indexes (Cl) were the measures of ETA for dau^ters, dams and 
MGD's. The most recent CI calculation procedure was introduced in January 
1981. CI's were computed to the same constant genetic base as were ED's. 
The cow's own production records, deviated from the herd-year-season 
average, plus the ED of her sire and the CI of her dam were in the CI 
formula (Powell, 1978). The cow's production is actually included in the 
CI twice since her sire PD also contains her record. Further references to 
PD's and CI's, unless otherwise specified, will be with respect to a) PD's 
for production traits which were calculated in October 1974 or later, b) 
CI's computed in January 1981 or later, and c) PDT's with BLUE properties. 
These were the only ETA's utilized in this study. All ETA's used in this 
study had been adjusted for environmental effects. 
Additional data were obtained from the USDA sire summary file released 
after the summer 1982 sire evaluation. All bulls that had been evaluated 
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in October 1974 or later were in this data set. Bach bull had an 
artificial insemination (AI) code, designating him as active AI, inactive 
AI, non-AI or progeny-test AI at the time of the summer 1982 sire 
evaluation. The status code was needed to determine which bulls had been 
in an AI unit. The USDA file also was used to determine the month of FD 
calculation. Only year of calculation for ED*s of production traits was in 
the HFAA data. Month of calculation was needed for bulls with 1974 as the 
year of PD calculation. Only PD's computed in October 1974 or later were 
used. 
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MATERIALS AND METHODS 
Characterization of Data Set 
To initially characterize the population of registered Holstein 
cattle, means and standard deviations of transmitting ability estimates (PD 
or Cl) were computed for sons, dau^ters, sires, dams, MGS's and MGD's. 
Averages of ancestor ETA were weighted "by the number of offspring in each 
year. 
Trends in the weighted means of PD and CI of production traits were 
determined using segmented linear regression techniques (Fuller, 1969). 
The introduction of accurate ETA's in 1967 had a marked effect on the rate 
of change in average PD and CI. Segmented linear regression allowed for 
the estimation of trends in two time periods while a continuous prediction 
line was maintained over the 20-year period. 
Plots of the yearly averages of CI*s and PD's for all pedigree members 
provided a basis for determining when the 1967 diange in sire and cow 
evaluations first affected genetic trend in offspring and ancestors. The 
join points for segmented regression analyses of transmitting ability 
estimates of son, dau^ter, sire, dam, HGS and MGD were 1968, 1969, 1968, 
1971, 1969, 1974, respectively. The join points of dam and MGD were 
consistent with the lag that would be expected in their genetic trend. 
Several years must pass before a large proportion of dams would be sired 
by bulls selected as parents on the basis of PD. 
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The model for the segmented regression analyses of trend in each 
ancestor ETA was: 
where ETA is the weighted average of ancestor estimated transmitting 
ability for the i^^ sex of offspring 
a is the intercept, 
is the i^^ sex of offspring, 
T^ is (BY-1960) within the i^^ sex 
BY is the birth year of offspring, 
(BY-JP) for BY >JP 
Z is - within the i sex, 
0 for BY < JP, 
JP is the join point for the particular ancestor, and 
e^j is the residual. 
Figure 1 illustrates the change represented by b.j^ and bg^. 
For the first time period (BYCJP), annual change in ETA was 
estimated as b^^. The regression coefficient, ^2±* the 
estimate of the difference between annual change in ETA for BY >JP and 
annual change in ETA for BY < JP within the i^^ sex of offspring. 
Consequently, the annual change in ETA for the second time 
segment (BY>^) was computed as ^^sts of 
significance for b^^ indicated if differences in rate of change for ETA 
existed between the two time segments. Heterogeneity of trends between 
ancestor ETA of male and female offspring was determined by using a t-test 
for the difference between regression coefficients. 
E 
T 
A 
JP 
BIRTH YEAR 
Figure 1. Regression coefficient obtained from segmented regression analysis 
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A similar model was used to quantify the trend in ETA of offspring 
where ETA^ is the average estimated transmitting ability of the 
offspring, 
a is the intercept, 
T is (BY - 1960), 
BY is birth year of the offspring, 
JP is the join point, and 
e^ is the residual. 
Segmented regression analyses for sons and daughters were within sex 
of offspring because ETA*s of males and females were computed by different 
methods. The estimates of annual change calculated from b^ and b^ 
are illustrated in Figure 1. The annual changes in ETA* s of offspring were 
computed in the same manner that annual changes in BICA's of ancestors were 
estimated. 
Genetic trend in the population of registered Holstein cattle was 
estimated using a modification of Method 4, as previously reviewed (Batra, 
1979; Hintz et al., 1978; Powell et al. 1977b; Schaeffer et al., 1975). 
Annual genetic change (g) in the female population was estimated as: 
(sons and dau^ters) 
ETA^ = a + b^T + b^Z + e^ [20] 
Genetic Trend Estimation 
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S =ls [21 ] 
wh e r e w a s  t h e  r e g r e s s i o n  o f  a v e r a g e  s i r e  P D  ( S )  o n  b i r t h  y e a r  o f  
daughter and'^ was regression of average dam CI (D) on birth year of 
daughter. Both regression coefficients were obtained from the segmented 
regression analyses from Equation [19]. Corresponding values for male 
offspring were summed to obtain g for males. This method differed from 
previous studies in that no assumption of equal change in genetic merit of 
sires and dams was made. Consequently, trend in ETA of one parent was not 
doubled to obtain g for the population. 
Twice the regression of average daughter CI on birth year of daughter 
and twice the regression of average son ED on birth year of son also were 
estimates of g in the female and male populations, respectively. 
Expressed in an equation, annual genetic change was: 
® ^ ^®ETA [22] 
where was the annual change in ED of male or CI of female 
offspring. Genetic trend estimates from Equation [21 ] and Equation [22] 
were compared within sex of offspring. 
Bull Group Comparisons 
Comparisons were made among the bulls bom between 1960 and 1979, 
inclusive. Bulls were grouped on the basis of AI or non-AI service. AI 
bulls were those that had a status code of 1, 2, or 4. The codes were 
defined as 1-active AI, 2-inactive AI, and 4-progeny test AI, and referred 
to the status of the bulls at the time that the USDA file was released. 
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Bulls with a code 1 or 2 had ED's while most code 4 hulls were too young to 
be proven. 
In creating the non-ÂI sire data subset, the major intent was to 
include all bulls that had female offspring, and thus were known to 
contribute genetically to the next generation. The editing criteria were 
to select 1) bulls that had at least one registered female offspring and 
were not in an AI organization, or 2) bulls that had a status code 3 (non-
AI) on the USDA sire summary file. The code-3 bulls had PD's. Many bulls 
selected on the first criteria, however, had no ED's because they did not 
have enough daughters to meet the USDA criteria for computing a PD. All 
bulls selected by both criteria were included in the non-AI subset. ETA*s 
of ancestors were used regardless of the availability of ED's of sons to 
provide a more representative average of genetic merit of parents of non-AI 
bulls. 
Within the AI bull data set, additional subdivisions were made. The 
age of a bull when his first AI dau^ter was bom, was used to identify 
bulls that were initially progeny-tested in AI and breeder-proven bulls. 
Birth date of the first AI dau^ter was from the USDA sire summary file. 
HFAA pedigrees contained the month and year of birth of the bulls. 
The first subgroup contained bulls that entered and were in an AI 
progeny-test program. They were bulls which were between 21 and 42 months 
of age when their first AI dau^ter was bom. The main goal was to have a 
group of bulls which initially entered AI based on pedigree information 
only. 
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An AI "bull was designated as breeder-proven if he was older than 55 
month» when hia first AI daughter was born. When entering AI at a later 
age, the bull, with great probability, entered AI based on the production 
of his natural service daughters. Although some emphasis may have been 
placed on the bull's pedigree, the major selection criterion of the AI 
organization would have been the performance of the dau^ters of the bull. 
To determine the second stage selection intensity, bulls returned to 
active AI service were identified. No specific designation was available 
to determine progeny-tested bulls that had been returned to active AI 
service. The status code on the USDA sire summary file only designated 
those bulls that were in active AI use at the time that the current ED 
information was released. An alternate means of determining those bulls 
returned to active AI service was to consider the number of dau^ters 
included in the ED calculation of each bull. AI bulls that had been 
progeny-tested (previously defined group) and that had at least 100 
production-tested dau^ters (i.e., 100 dau^ters in ED calculation) were 
assumed to have been returned to active AI service. Bulls with more than 
100 milking dau^ters generally would have been selected for extensive use 
in AI based on an initial proof. Most progeny-test bulls have 20 to 60 
daughters in their first AI proofs. 
Of major concern in the subgroup of AI bulls were pedigree differences 
that might explain why progeny-test bulls returned to service had superior 
ED's to those culled from AI organizations. Averages of ancestor ETA were 
computed within birth year for all progeny-tested bulls, and progeny-test 
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bulls returned to active AI service. Comparisions were made between the 
two groups of bulls. 
Pedigrees of breeder-proven bulls were used to characterize those 
bulls which entered an AI organization after initial FD's were available. 
Average sire 7D and average dam CI were compared to average ETA's of 
parents of progeny-test bulls returned to service. Breeder-proven bulls 
and bulls progeny-tested in AI and returned to active service would have 
been used extensively in AI. 
Pedigrees of non-AI and AI bulls were examined to determine 
differences in genetic trend between the two groups of bulls. Segmented 
regression techniques were used to estimate changes in sire ED and dam CI 
across years. Equation [19] was the model except that was replaced 
by TP^, where TP^ was the ith type of proof for bulls (i.e., AI or 
non-AI). Differences between the selection differentials of AI and non-AI 
bulls were computed as the differences between average PD*s of their sires 
and differences between average CI*s of their dams. 
Pedigree Evaluation 
Pedigrees of sons with production trait FD's were utilized to evaluate 
the efficiency of using pedigree information to predict sons' PD's. 
Pedigrees were divided into two groups — 6,197 AI sons and 27,549 non-AI 
sons which all had FD's. AI and non-AI were as previously defined. 
ETA*s (PD or Cl) of sire, dam, M6S and HGD were used singly and in 
various combinations to predict son PD. Least squares multiple regression 
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techniques were utilized to determine empirical regression coefficients for 
transmitting ability estimates of pedigree members. Year of son's birth 
was used in each equation as a covariate or as a classificatory variable. 
Birth year was included as an independent variable to account for any 
differences in sampling procedures among years. 
To analyze the homogeneity of regression coefficients of ancestor ETA 
across birth years of son, birth year was treated as a fixed effect. The 
prediction model was: 
PDj% = a + BYj + b^ETA + b^^CBY^xETA) + e^^ [23] 
where is the Predicted Difference for the son in the 
birth year, 
a is the intercept, 
BYj is the birth year of the son, 
ETA is the PD or CI of the ancestor, and 
the residual. 
The significance level (F-test) of the interaction between BY^ and 
ETA indicated if the regression coefficients for ancestor ETA were 
statistically different among birth years. The sum of b^ and b^^ 
was the overall regression coefficient for the given ancestor in the jth 
birth year of the son. Differences in regression coefficients across birth 
years were examined only in equation [23]. ETA was sire PD, dam CI, PD 
or MGD CI. 
Birth year was included in the prediction equations as a covariate 
when differences among regression coefficients across birth years were not 
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considered. Of main interest was the gain in accuracy of prediction when 
pedigree information was added to the prediction equations. For birth year 
as a covariate, son ED was predicted as: 
PD. = a + b^(BY-BY) + f b-EEA. + e. [24] 
J o i=l 3. i J 
where TD^ is the PD of the son, 
BY is the birth year of the son, 
ETA^ is the ETA of the i^^ ancestor, 
m is the number of ancestors in the prediction equation, and 
is the residual effect. 
The usefulness of pedigree indexes in son PD prediction was compared 
to prediction equations in which sire and dam, and sire and K6S information 
was optimally weighted by least squares. The indexes were: 
PI^ =1/2 sire PD + 1/2 dam CI, and 
Pig = 1/2 sire PD + 1/4 MGS PD. 
PI^ and Pig were substituted for BTA^ in equation [24]. 
All pedigrees did not contain the same amount of ancestor information. 
For AI sons, all pedigrees containing the available ancestor ETA were 
analyzed when sire PD, dam CI, KGS PD and HSD CI were each used singly to 
predict son PD. From the AI data set, two smaller subsets were analyzed to 
measure the relative usefulness of various combinations of ancestor 
2 infomation. To make accurate comparisons of R when information was 
added, pedigrees of the same sons were examined for each prediction 
equation. One subset of AI sons contained complete 3-member pedigrees with 
sire PD, dam CI, and HQS PD. The other subset included ETA information for 
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all four pedigree members (sire, dam, H6S and MGD). Maternal grandsire ED 
and KGB CI were utilized in the computation of dam CI. Consequently, they 
were not expected to add to the predictive ability of regression equations 
which already contained dam CI. ETA's of H6S and MGD, thou^, were 
included in prediction equations to determine if they would increase the 
accuracy of prediction when dam CI was in the model. 
All comparisons of prediction equations could have been made in the 
subset of complete 4-member pedigrees. ^ requiring MGD information to be 
available, a considerable number of pedigrees, however, were lost in the 
edit. Since sire, dam and M6S contribution was of most concern, the 
availability of that information was used as the criterion for building the 
larger data subset. A major goal was to utilize the greatest number of 
pedigrees while maintaining the ability to make meaningful comparisons. 
Pedigree evaluations of non-AI sons were essentially the same as those 
for AI sons. Two exceptions were: 
1) All pedigrees used in analyses of non-AI sons contained sire ED's, 
whereas all pedigrees used in several ED prediction equations of AI sons 
did not contain sire ED's. For example, pedigrees of AI sons used to 
predict son ED from dam CI did not necessarily contain sire ED's. 
2) Evaluations of non-AI sons did not consider the contribution of MGD 
in combination with other ancestors. One prediction equation for ED of AI 
sons included sire, dam, HGS and MGD ETA's. 
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RESULTS AND DISCUSSION 
Registration. Patterns 
From I960 throu^ 1979, approximately 8.4? of the Holstein male calves 
eligible for registry actually were registered in the herdhook of the 
Holstein-Friesian Association of America (HFAA). This calculation was 
based on values in Table 5 which lists the total number of registered males 
and ten-percent of the registered females bom in 1960 to 1979, inclusive. 
Equal numbers of male and female calves were assumed to be bom each year. 
The ratio of total registered females to registered males ranged from 
13.8:1 to 9.6:1 across birth years. The largest number of registered males 
within a birth year was reported for 1979* Herman (1981) reported that the 
ratio of registered females to registered males was 5:1 in 1940. This was 
in contrast to an average ratio of 12:1 for this 20-year period. 
With the increased use of artificial insemination (Al) and the 
reduction in total number of dairy cows, fewer bulls have been needed to 
service the dairy cow population. During the period from I960 through 
1979, however, the ratio of registered females to registered males has 
remained relatively the same. During that same period, the U.S. Holstein 
population declined by approximately 59?. It seemed that a considerable 
number of dairymen were continuing to keep bulls for breeding purposes. Or 
possibly, more registered bulls and fewer grade bulls were being used as 
herd sires. The possibility also exists that dairymen registered bulls 
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with the intention of selling them for breeding purposes but never found 
buyers for the bulls. 
Accurate determination of the number of registered bulls which sired 
offspring was difficult. Bulls with ED's for production traits or bulls 
that had registered progeny could be identified as parents. The number of 
bulls which had FD's and/or registered progeny was determined and these 
numbers within birth year are in Table 6. Many registered bulls, however, 
may have been used as sires in grade herds that were not production-tested 
or in production-tested, grade herds where cows were not properly sire-
identified. Consequently, no progeny could be registered and no progeny 
test (i.e., PD) would have been computed. There were no means of 
distinguishing the number of bulls which had progeny in those -types of 
grade herds. 
Average ETA*s of Ancestors Within Birth Year 
Average Predicted Differences for milk (PDM), milk fat (PDF) and milk 
fat percent (PDF^) of sires of registered Holstein offspring were computed 
within birth year of offspring and within sex of offspring. These averages 
were weighted by the number of offspring of each sire. Little directional 
change was seen in average sire PDM*s until 1968 (Table 7). Average PDM 
of sires of male progeny then steadily increased from -112 lb in 1968 to 
1,073 lb in 1979, while corresponding values for female offspring were -25 
lb in 1968 and 965 lb in 1979. 
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Table 6. Number of bulls identified as parents 
Birth No. of Birth No. of 
Year Bulls Year Bulls 
I960 7877 
1961 7755 
1962 7612 
1965 7580 
1964 7545 
1965 7555 
1966 7855 
1967 7967 
1968 7956 
1969 8221 
1970 8684 
1971 8857 
1972 9416 
1975 9800 
1974 8827 
1975 8555 
1976 8986 
1977 8920 
1978 8178 
1979 5489 
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Table 7. Means and standard deviations (SD) of EDM for sires of 
registered Holstein cattle ("by birth year and by sex of 
offspring). 
Birth 
Year 
Males Females 
Mean (SD) Number* Mean (SD) Number* 
1960 -141(483) lb 12294 -119(472) lb 12103 
1961 -135(504) 15951 -126(500) 14549 
1962 -178(524) 14428 -143(511) 16565 
1965 -178(519) 14675 -116(529) 17763 
1964 -184(559) 14990 -115(547) 18439 
1965 -166(558) 15054 -79(562) 19597 
1966 -135(570) 16553 -46(573) 20449 
1967 -142(578) 17380 -39(583) 21576 
1968 -112(583) 17497 -25(585) 22200 
1969 -15(651) 17988 44(599) 22281 
1970 47(649) 19593 86(600) 22546 
1971 176(663) 20074 154(611) 25097 
1972 333(679) 21713 256(619) 25566 
1975 437(663) 22855 528(610) 25519 
1974 481(669) 20294 572(597) 25672 
1975 563(687) 19156 452(624) 25800 
1976 716(685) 22492 568(645) 24822 
1977 871(663) 24799 708(650) 25781 
1978 972(655) 26610 824(653) 25636 
1979 1073(611) 29524 965(596) 25275 
^Number of offspring which have a sire EDM. 
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In 1967, the first PD's were calculated and published for use by 
dairymen. Before then, only relatively inaccurate measures of 
cow and sire genetic merit were available to aid dairymen in their 
selection decisions. In the 1950s and until 1962, dau^ter/dam comparisons 
were published by Dairy Herd Improvement Association (DHIA) as the official 
system of evaluating sires (Roth, 1982). In 1962, USDA and the dairy breed 
associations agreed to publish herdmate comparisons for dairy bulls. These 
unregressed herdmate comparisons were replaced in 1967 by sire evaluations 
which accounted for number of dau^ters of the bull, and the distribution 
of the daughters across herds (Roth, 1982; Dickinson et al., 1976). 
Although the PD's calculated from 1967 through May 1974 did not account fcjr " 
genetic merit of herdmates nor genetic trend, they were considerably more 
accurate measures of bull ETA*s than were previous sire evaluations. 'When 
the ED formula was modified in 1974, bulls were evaluated more accurately 
and genetic change continued to occur. 
From I960 to 1971, females in contrast to male offspring were sired by 
bulls of higher genetic merit for milk yield (Table 7). It is possible 
that selection of bulls for registry was based on several criteria which 
would have reduced the amount of selection pressure put on EDM of sires. 
Table 8 does show that the sires of male offspring had larger EDT's than 
the sires of females bom in the same years. The larger averages for EDM 
of sires of males after 1971 must reflect changes in the goals of dairy 
producers and AI organizations. 
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Table 8. Means and standard deviations (SD) of PDT for sires of 
registered Holstein cattle (by birth year and by sex of 
offspring). 
Birth 
Year 
Hales Females 
Mean (SD) Number* Mean (SD) Number* 
1960 .555 .858) 16564 .179 .871) 16762 
1961 .556 .875) 16645 .192 .878) 17855 
1962 .404 .900) 15868 .199 .928) 18052 
1965 .410 .862) 15411 .191 .890) 18615 
1964 .521 .885) 15597 .095 .864) 18814 
1965 .588 .892) 15154 .125 .892) 19171 
1966 • .458 .951) 16457 .204 .955) 19995 
1967 .496 .947) 17108 .276 .965) 20469 
1968 .506 .910) 16886 .282 .955) 20764 
1969 .575 .911) 17266 .292 .977) 20555 
1970 .562 .914) 18768 .271 .971) 20762 
1971 .552 .955) 19510 .216 .991) 21558 
1972 .607 .912) 20956 .218 .970) 21658 
1975 .656 .946) 22157 .211 .992) 21854 
1974 .659 1.010) 19702 .158 1.025) 21894 
1975 .650 1.066) 18595 .158 1.071) 21974 
1976 .700 1.052) 21792 .196 1.079) 22977 
1977 .711 1.015) 24158 .172 1.104) 25886 
1978 .667 .992) 25798 .185 1.055) 23546 
, 1979 .712 .909) 28700 .551 .966) 25549 
dumber of offspring which have a sire EDT. 
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Increases in average PDF of sires (Table 9) also occurred from 1968 
through 1979. Changes in PDF were dependent on genetic trends in milk and 
milk fat percent. In 1968, average sire EDF% (Table 10) began to decline 
in response to the increase in EDM. This would be expected because milk 
production and milk fat percent are negatively genetically correlated. 
Curing the last 3 years of the study, the decline in average sire EDF$ was 
relatively small for male offspring and variable for the females. More 
emphasis may have been placed on genetic merit for milk fat percent of 
parents during those years as the industry became more concerned about milk 
fat composition. 
The number of animals whose sires had ED's that had been calculated in 
October 1974 or later (Table 7), increased over the 20-year period. Some 
of the sires of offspring bom in the earlier years had ^'s that had been 
computed before October 1974 and, thus, could not be utilized in this 
study. Within each birth year, at least 81$ of the sires of females and 85% 
of the sires of males had ED*s which had been computed in 1967 or later. A 
greater percentage of the sires of offspring bom in the later years had 
PD's (94% of males, 89$ of females). 
The proportion of male calves whose sires had ED's never was 100%. 
If dairy producers register bull calves because they consider the bulls to 
be potential sires, they should have some pedigree information on which to 
base their decisions. The ability to predict a young bull's breeding value 
is greatly reduced by the lack of pedigree information, especially the ETA 
of the sire. 
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Table 9. Means and standard deviations (SD) of PDF for sires of 
registered Holstein cattle (by birth year and by seac of 
offspring). 
Males Females 
Birth 
Tear 
Mean (SD) Number* Mean (SD) Number* 
1960 -5(17) lb 12294 -3(18) lb 12103 
1961 -5(18) 13931 -3(18) 14549 
1962 -7(19) 14428 -4(19) 16365 
1963 -7(19) 14673 -4(19) 17763 
1964 -7(19) 14990 -5(19) 18439 
1965 -6(20) 15054 -3(20) 19397 
1966 -4(21) 16553 -2(21) 20449 
1967 -4(21) 17380 -1 (21 ) 21376 
1968 -2(21) 17497 -1 (21 ) 22200 
1969 1(25) 17988 0(22) 22281 
1970 1(25) 19593 1(23) 22546 
1971 4(25) 20074 2(23) 23097 
1972 10(25) 21713 6(23) 23366 
1973 13(25) 22835 8(22) 23519 
1974 14(26) 20294 9(23) 23672 
1975 15(26) 19156 11(23) 23800 
1976 20(25) 22492 14(23) 24822 
1977 25(24) 24799 19(23) 25781 
1978 28(25) 26610 22(22) 25636 
1979 32(20) 29524 28(20) 25275 
dumber of offspring which have a sire PDF. 
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Table 10. Means and standard deviations (SD) of PDF% for sires of 
registered Holstein cattle (by birth year and by sex of 
offspring). 
Birth 
Year 
Males Females 
Mean (SD) Number® Mean (SD) Number® 
1960 —*001 .096) 12294 .013 .097) 12103 
1961 .001 .102) 13931 .013 .103) 14549 
1962 -.002 .103) 14428 .009 .103) 16365 
1963 -.005 .105) 14673 .001 .107) 17763 
1964 —.004 .107) 14990 -.001 .105) 18439 
1965 -.000 .104) 15054 -.001 .105) 19397 
1966 .005 .104) 16553 .003 .105) 20449 
1967 .012 .112) 17380 .003 .109) 21376 
1968 .017 .114) 17497 .003 .111) 22200 
1969 .009 .107) 17988 -.007 .108) 22281 
1970 -.008 .102) 19593 -.017 .102) 22546 
1971 -.019 .098) 20074 -.023 .101) 23097 
1972 —.016 .101) 21713 -.024 .106) 23366 
1973 -.020 .104) 22835 -.029 .109) 23519 
1974 —.026 .115) 20294 -.032 .121) 23672 
1975 -.036 .120) 19156 -.033 .129) 23800 
1976 -.014 .112) 22492 -.040 .120) 24822 
1977 -.043 .101) 24799 -.045 .113) 25781 
1978 -.045 .101) 26610 —.050 .106) 25636 
1979 -.044 .100) 29524 -.047 .106) 25275 
dumber of offspring which have a sire PDF^. 
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Unproven sires of females were expected. Some sires of heifers, 
especially in the later years, may not have had enough producing dau^ters 
at the time of this study for a ED to be calculated. Additionally, some 
bulls that were sampled may never have had enou^ production-tested 
daughters to meet the criteria for ED calculation. 
The differences between the average genetic merit of sires of males 
and females bom in the same year were not large for the three production 
traits (Figures 2, 5 and 4). A larger difference between average sire EDM 
of males and females was possible considering that 7.5% to 10.4% of the 
male calves were registered in the HFAA herdbook during each year of the 
study. The maximum difference possible between average EDM's of sires of 
registered sons and registered dau^ters was estimated. Several 
assumptions were made to obtain the estimated maximum difference. First, 
the averages for ETA's of ancestors of the females in this study were 
considered to be representative of all calves bom to registered Holstein 
parents. Host female offspring of registered parents were registered in 
the HFAA herdbook. Average ED*s of sires of all male calves bom of 
registered parents were assumed to be the same as the average ED*s of sires 
of registered females bom in the same years. With a standard deviation of 
530 lbs for EDM and 10% truncation selection, average EDM of sires of 
Holstein males selected for registration could have been 965 lbs greater 
than the average of sires of registered females. The actual difference 
between sire EDM of males and females was approximately 100 lbs, which 
corresponded to about 90% truncation selection on EDM of sires. 
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It should be noted that any calculations of actual selection 
differentials in this study are not computations of selection that occurred 
at the time of mating. Rather, these selection differentials are measures 
of pedigree differences between groups of animals relative to the most 
recently computed ETA's. 
Truncation selection was not expected in the dairy cattle population. 
Dairy producers and AI personnel generally selected cattle on the basis of 
several traits. Major emphasis on milk yield, however, would have been 
justified under the economic conditions in the dairy industry during 1960 
through 1979. Host dairymen's major source of income was from the sale of 
milk. 
Standard deviations of PDM, PDF and FDF^ of sires were larger in the 
later years (Table 7, 9 and 10). Two possible reasons are that the range 
of sire ED*s became larger and average repeatabilities of FD's increased. 
Althou^ dairymen used sires which had larger EDM's each year, they 
continued to include some extremely inferior bulls in their breeding 
programs. The lowest PDM of sires in each year was approximately -1,600 
lb while the maximum EDM of sires within each year steadily increased from 
about 1,200 lb to over 2,600 lb over the 20-year period. 
Repeatability also could have affected the standard deviations of PDM 
and PDF. Larger repeatabilities resulted in Modified Contemporary 
Deviations (MOD) of bull's daughters that were regressed less toward the 
mean. More variation among PD's then was observed. Average repeat-
abilities (RPT) of PDM and PDF for sires are in Table 51. Before 1968, 
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EFT'S of sire EDM were slightly smaller for male offspring compared to 
female progeny. After 1967, when PD's became available, registered male 
offspring were sired by bulls whose ED's had relatively larger repeat-
abilities. Dairymen may have used the reliability of the sire's proof as 
one selection criterion when choosing bull calves to be registered in the 
HFAA herdbook. Sires of male offspring also may have been more popular and 
would ultimately have more production-tested dau^ters for ED calculation. 
Interpretation of the differences between repeatabilities of ED's is 
difficult in retrospect. Differences between repeatabilities of EDM's of 
sires of male and female offspring may not have existed at the time that 
the matings actually occurred. 
The average EDT's of sires (Table 8) indicated that some selection 
pressure was placed on the body conformation of the paternal half sisters 
of males. Average EDT's of sires of males were larger than those of 
females in all years. In addition, the genetic merit for "type gradually 
increased for sires of male offspring. The average EOT of sires of females 
did not follow a similar linear pattern. 
The increase in average RPT of sire EDT (Table 52) was partially 
dependent on the increase in the number of cows classified during the 20-
year period. As more cows were evaluated for type, many bulls would have 
had more classified dau^ters. A larger number of records, then, were 
available for EDT calculations. 
Average Cow Indexes for milk (CIM) of dams of registered Holstein 
offspring are presented in Table 11. Since CI's were computed to a 
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Table 11. Means and standard deviations (SD) of CIH for dams of 
registered Holstein cattle (by birth year and by sex of 
offspring). 
Males Females 
Birth 
Year 
Mean (SD) Number* Hean (SD) Number® 
1960 50(550) lb 10951 -5(510) lb 10168 
1961 54(558) 11829 -18(315) 12133 
1962 72(571) 11681 -22(325) 12752 
1963 77(572) 11654 -19(333) 15269 
1964 79(582) 11868 -22(338) 13360 
1965 81 (588) 11554 -14(343) 13617 
1966 71(591) 12798 -24(350) 14439 
1967 74(597) 15462 -54(559) 14787 
1968 67(599) 15251 • -27(565) 15274 
1969 69(404) 15245 -25(571) 15249 
1970 66(408) 14085 -22(374) 15217 
1971 80(419) 15852 -12(381) 14961 
1972 97(428) 14557 3(586) 14939 
1975 139(441) 15368 52(400) 15141 
1974 178(457) 15985 56(408) 15658 
1975 231(474) 15865 92(423) 16495 
1976 268(483) 17056 128(435) 17850 
1977 510(496) 19689 164(445) 19276 
1978 561(502) 22364 223(456) 20592 
1979 435(519) 26926 282(473) 25282 
dumber of offspring which have a dam CIH. 
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constant base that was calculated in 1974, the average CIH of dams were 
expected to be negative in the first years of the study. Averages of CIM 
of dams of female offspring were slightly negative in the earlier years 
while average CIM*s of dams of males were positive for all years. In the 
first years of the study, dams that had CIH's may have been cows that had 
large production records and remained in the herd long enou^ to have a 
cm computed by the current method, ilhen the CI formula was most recently 
revised, it was unlikely that CIM*s were recomputed for all cows that had 
ever been production-tested. 
In contrast to the pattern observed for average FDM of sires, average 
CIM*s of dams of male offspring were larger than those of female offspring 
in each of the 20 years (Figure 5). Even though accurate means of 
evaluating the genetic merit of dams were not available until 1967, 
selection of dams did result in bull dams being superior to dams of female 
offspring during the earlier years of the study. Before 1967, the basis of 
dam selection probably was a combination of factors including dam*s actual 
production, her records deviated from herd average and production of the 
dam's relatives (e.g., her dam, maternal sisters, etc.). 
The difference between average CIM of dams of registered males and 
females was approximately 100 lb for most years before 1974 (Table 11). In 
1974 and later years, average CIM*s of dams of males exceeded the 
corresponding values for female offspring by approximately 150 lb. Changes 
in the CI computation and additional education on the merits of CI as a 
selection tool possibly were responsible for the larger genetic merit of 
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Figure 5» Trend in average CIM of dams of male and female offspring 
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dams of males. The differences between dams of registered males and 
females, however, remained relatively small. If dairymen wish to increase 
the genetic merit of their herds with respect to milk yield, they should be 
placing more selection pressure on CIH's and less aaphasis on actual 
production records and type conformation of dams of young bulls. 
The average CIM of dams did not begin to increase until 1971 (Figure 
5), several years after the introduction of ED's and CI's. Moderately 
larger increases in CIH of dams of male and female offspring were observed 
after 1974 and 1976, respectively. The change in average FDM of sires may 
be the main reason for the initial change in dam CI. 1971, the 
daughters bom in 1968 would have comprised a portion of the Haiti 
population. Consequently, the genetic merit of dams should have increased 
because the cows bom in 1968 and after, on the average, would have been 
genetically superior to cows bom before 1968. A lag of several years was 
necessary before the sires of all dams could have been selected as sires on 
the basis of their H>*s and not some other form of sire evaluation (e.g., 
daughter-dam comparisons). 
The average Cow Index for milk fat (CIF) of dams in 1979 was less than 
one standard deviation unit larger than the average CIF of dams in I960 
(Table 12). The standard errors of average CIF*s ranged from .10 to .15 
lb and indicated that average CIF*s in I960 and 1979 were significantly 
different. Average CIF of dams of male offspring changed more than did the 
average CIF of dams of females (Figure 6). This would be expected if more 
selection pressure had been placed on dams of the male population. 
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Table 12. Means and standard deviations (SD) of CIF for dams of 
registered Holstein cattle (by birth year and by sex of 
offspring). 
Males Females 
Birth 
Year 
Mean (SD) Number® Mean (SD) Number* 
1960 3(13) lb 10931 -0(11) lb 10168 
1961 3(13) 11829 -0(12) 12133 
1962 4(14) 11681 -0(12) 12732 
1963 4(14) 11654 -0(12) 13269 
1964 4(14) 11868 -0(12) 13360 
1965 4(14) 11534 -0(12) 13617 
1966 4(15) 12798 -1 (13) 14439 
1967 3(15) 13462 -1 (13) 14787 
1968 3(15) 13251 -1 (13) 15274 
1969 3(15) 13245 -1(13) 15249 
1970 3(15) 14083 -1 (13) 15217 
1971 3(15) 13852 -0(14) 14961 
1972 4(16) 14557 0(14) 14939 
1973 5(16) 15368 1(15) 15141 
1974 7(17) 13983 1(15) 15658 
1975 8(18) 13863 2(15) 16495 
1976 9(18) 17036 3(16) 17850 
1977 10(18) 19689 4(16) 19276 
1978 12(19) 22364 5(17) 20592 
1979 14(19) 26926 7(17) 23282 
dumber of offspring which have a dam CIF. 
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Figure 6. Trend in average GIF of dams of male and female offspring 
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More than 5,000 dams of registered males bom in 1979 had no current 
CI for production traits; A larger population of dams in the earlier years 
did not have CI's that had been calculated by the current CI formula. 
Although cows may have been selected as bull dams based primarily on actual 
production records, using actual production would have been a rather 
inefficient means of identifying the genetically superior dams. To realize 
larger changes in genetic merit for milk production, dairymen should 
initially select bulls for breeding purposes on the basis of the ETA*s of 
their dams and sires. 
Repeatabilities of GUI and GIF are in Table 33 • A considerable 
difference was observed from I960 to 1979. EPT of dam CI is dependent on 
the number of production records of the dam plus the repeatabilities of the 
MGD CI and MGS PD (Powell, 1978). The differences in EPT in the 20-year 
period could be due to one of these factors or any combination of them. 
Repeatabilities of MGD CI did increase about 12 to 14 percent between I960 
and 1979 (Table 54). The number of MGD's that had CI*s also was relatively 
small. The EPT of dam CI, thus would be smaller if her dam's CI (the MGD 
CI in this study) was not available for CI calculation. 
Change in average CIP% of dams of male and female offspring (Table 13) 
was not as large as the corresponding change in average PDP^ of sires 
(Table 10) over the 20-year period. The change in average EDM of sires, 
however, was substantially larger than the increase in average CIM of dams. 
If selection had been based solely on milk production, the decline in CIF$ 
of dams as a correlated response would have been -.062 for male offspring 
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Table Means and standard deviations (SD) of CIF% for dams of 
registered Holstein cattle (by birth year and by sex of 
offspring). 
Males Females 
Birth Mean (SD) Number* Mean (SB) Number* 
Year 
1960 .005(.052) 10931 .001(.049) 10168 
1961 .007(.053) 11829 .002(.052) 12133 
1962 .007(.056) 11681 .004(.053) 12732 
1963 .009(.058) 11654 .003(.054) 13269 
1964 .008(.059) 11868 .004(.056) 13360 
1965 .008(.062) 11534 .003(.059) 13617 
1966 .008(.063) 12798 .003(.059) 14439 
1967 .006(.065) 13462 .003(.061) 14787 
1968 .006(.066) 13251 .001(.061) 15274 
1969 .006 Ù068) 13245 .001(.062) 15249 
1970 .005(.070) 14083 .002(.065) 15217 
1971 .004(.072) 13852 .002(.067) 14961 
1972 .003(.073) 14557 .000(.067) 14939 
1973 .003(.074) 15368 -.003(.068) 15141 
1974 .001(.075) 13983 -.005(.070) 15658 
1975 -.001(.077) 13863 -.007(.072) 16495 
1976 -.0040078) 17036 -.011(.075) 17850 
1977 -.006(.082) 19689 -.014(.078) 19276 
1978 -.009 0083) 22364 -.018(.081) 20592 
1979 -.014(.083) 26926 -.021(.082) 23282 
dumber of offspring which have a dam CIF^. 
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and -.046 for female progeny. The average EDF^ of sires of male and 
female offspring would have decreased hy -.155 and -.117 in response to 
selection for EDM only. Some selection for CIF^ of dams and EDF$ of sires, 
however, must have occurred since the average ETÂ's for milk fat percent of 
sires and dams were larger than would he expected if no selection pressure 
had heen exerted on milk fat percent. 
In all years of the study, the average CIF% of dams of male offspring 
were larger than corresponding values for female offspring (Figure 7). This 
suggests that hull calves of higher testing dams were registered in the 
HFAA herdbook. Although the rate of change for CIH of dams of male calves 
was larger than that for female offspring, the overall change in CIF^ of 
dams was about the same for both sexes of offspring: -.019% in the male 
population and -.022# in the female population. 
The patterns of change in CI's of dams will be highly dependent on 
trends in KGS PD's and HGD CI's (i.e., the sire and dam of the dam). The 
formula for CIH and GIF of dams was: 
dam CI = .5[w (dam MCD) + (1-W)(MGS PD + MG® CL)] 
where w is the weighting factor for the MCD of the dam (Powell, 1978). 
The weights for the MCD and the combination of pedigree information sum to 
1.0. Weighting factors for the combination of MGS and MOD information in 
CI's of dams ranged from approximately .72 to .85 (Powell, 1978). The MCD 
for each dam, then, was weighted by a factor between .15.and .28. The 
weighted information was divided by 1/2 to estimate the ETA of the dam. 
Since MGS PD and MOD CI contributed to dam CI, changes in average ETA of 
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KGS and HGD influenced the trends in the genetic merit of dams of the 
offspring bom in I960 through 1979-
Average PDM, PDF and BDP^ of MGS's are in Tables 55 , 56 and 57. Small 
increases in MGS PDM were in 1969 and 1970. Not until 1971, however, were 
the changes large enough to be reflected in the average CIK of dams (Table 
11). Table 58 lists average RPT of PDM and PDF for maternal grandsires. 
Genetic merit of MGD's did not show any consistent changes until 1974. 
Only from 1977 to 1979 did average CIK of MGD increase annually by more 
than 18 lb for MGD's of male offspring and 23 lb for MGD's of female 
offspring (Table 59). This was further evidence that changes in sire 
selection are not immediately evident in the female population. Not until 
several years later were the trends in sire selection reflected in changes 
in ETA'S of females. Response of HO) CI to sire selection changes was 
delayed longer than the response in CI of dams because MGD's are a 
generation older than the dams. 
Average GIF and CIF% of MGD's fluctuated slightly across birth years 
of offspring (Tables 60 and 61). Only in the last 3 or 4 years were the 
changes more evident and in the same direction within each trait. Average 
CIF% of MGD's was negative only in 1979 for male offspring and in the last 
three years for females. 
The trends in MGS PD's for production traits contributed more to total 
change in dam CI than did trends in MGD CI's. Average MOD CI's are 
expected to change more after 1979 and consequently, would contribute more 
to the trend in CI's of dams. 
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Average EDT's of MGS's (Table 62) suggested that cows with higher 
classification scores were selected as dams of registered bulls. It was 
likely that dau^ters of bulls that had large EOT's were high scoring cows. 
The increase in average EOT of MGS's of females bom from 1960 to 1979 was 
smaller than the increase in average MGS PDT of male offspring (..296 vs. 
•599). MGS's of male offspring, also, were of higher genetic merit for 
type than were MGS's of females in all 20 years. The difference in average 
MGS PDT between male and female offspring was .459 in 1979» just less than 
1/2 standard deviation unit (.95). Repeatabilities of MGS PDT are in Table 
63. 
A greater number of MGS's had usable PDT*s (Table 62) in comparison to 
usable PDM's (Table 55). More MGS's actually had been evaluated for ETA of 
production traits. Most PDM's of MGS's, however, had been calculated 
before October 1974 and could not be included in this study. 
Estimates of Change in Average ETA of Ancestors 
Segmented regression analyses (Equation [l9]) for average genetic 
merit of sires, dams, MGS's and MOD*s yielded estimates of yearly change in 
ancestor ETA. The estimates of change were within sex of offspring and 
were for two consecutive time periods. The join points between the two 
time periods were different for each ancestor, and were determined by 
graphing the actual averages of ETA across birth years. 
The actual changes in average PDM, PDF and PDF$ of sires are 
illustrated in Figures 2, 3 and 4. The year 1968 was designated as the 
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join point for all three traits. The regression analyses (Table 14) 
indicated that annual trend from 1960 to 1968 was not significantly 
different from zero (P>.05) for EDM and PDF of sires. Change in average 
sire PD from 1968 to 1979» however, was significantly different from the 
change in Period 1 for all three traits. Differences between and 
Bjj, and between and for sire genetic merit for fat 
percent existed. This heterogeneity of slopes between sex of offspring 
suggested that selection intensity for fat percent varied between 
sires of males and females in both time periods. In Period 2, ^ and 
for sire EDM were heterogeneous. Average PDM of sires of male 
calves in Period 2 increased at a faster rate than for female offspring. 
Since fewer male calves were registered, the rate of change in ancestor ETA 
was expected to be different between the sexes of offspring. This assumes 
that bulls were registered on the basis of pedigree merit and that 
selection intensities were different between male and female offspring. 
Graphs of yearly averages for CIH, GIF and CIF$ of dams show the 
trends in I960 to 1971 and 1971 to 1979 (Figures 5» 6 and 7). The 
for CHÎ of dams was the only significant estimate of change in 
dams* genetic merit in Period 1 (Table 15). The trends in CIH and CIF of 
dams in Period 2 ( ^'s) were positive but only half as large as 
§2*3 for PDM and PDF of sires. Dairymen seemed to be putting more 
selection pressure on the sires of offspring. Larger selection 
intensities for sires were reasonable since fewer sires were needed in 
contrast to the number of dams needed to produce the next generation of 
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Table 14. Estimates of annual change for EDM, PDF and PDF^ of 
sires of male and female offspring 
Trait 
Estimates 
of Change^ PDM(lb) PDF (lb) PDF% 
2.6+4.1 .511.19 .0015^.0005^ 
109.712.8^'® 3.16J+.13^'° -.00541.0003^'° 
7.8+4.1 .01_+.19 -.0020+.0005^ 
84.912.8^'° 2.421.13^'° -.0044^.0003^'° 
.991 ^  .978* .952* 
is b^i and gg is (b^+b^) from Equation [l9] 
0 is annual change of PD in i^^ period: 
Period 1 is I960 to 1968; Period 2 is 1968 to 1979» 
M = male offspring; F = female offspring. 
^Significantly different from zero (P<.05). 
^Significantly different from within sex (P<.05). 
^Proportion of variation accounted for by Equation [l9]. 
^1M 
®2M 
BIP 
g2F 
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offspring. It would have been possible, however, to make more rapid 
change in the CI's of dams of young bulls. More selection pressure on 
dams of registered bulls was possible and would have been desirable since 
these bulls were to be future sires. 
The changes in CIM's of dams of males and females were significantly 
different (P<.05) in Period 2 (Table 15). The annual trend in CIH of dams 
of males, however, was only 7 lb more than that of females. In Period 2, 
differences also existed between trends for GIF (P<.05) and CIF$ (P<.10) of 
dams of male and female offspring. Change in CIF of dams of male calves 
was more rapid while the decline in average CIP% of dams of female 
offspring was at a faster rate than that of male offspring. Greater 
emphasis probably was directed toward the maintenance of genetic merit of 
fat percent in dams of young bulls. A smaller selection pressure on CIF% 
of dams of females was reasonable since a large proportion of cows must 
remain in herds to produce replacement females. Fewer cows were needed as 
dams of male replacements. 
Annual trends in PDM, PDF and PDF^ of MGS's (Table 16) were smaller, 
than those of sires of offspring in this study. Average MGS PDM began to 
steadily increase in 1969. The largest yearly differences were in the last 
3 years of the study. Estimated annual changes in PDM of MGS's of males 
and females 's) were not significant in Period 1. The differences 
between and for PDM of MGS ' s within sex of offspring were 
significant (P<.05) as was the case for PDF and PDF^ of MGS's of male and 
female offspring. 
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Table 15. Estimates of annual chemge for CIM, CI? and CIF^ of dams 
of male and female offspring 
Trait 
Estimates 
of Change^ CIM(lb) CIF(lb) CIP% 
êiK —.2+1.0 -.05+.05 -.OOOU.OOOl 
«2» 42.511.4*'° 1.22+.04*'° -.0022^.0001*'° 
^1F 
-2.0+1.0^^ 
-.072.05* .oooq+.oool 
55.6+1.4*'° .892.04*'° -.00282.0001*'® 
.989* .988* .975* 
is b^ and 3 g is (b^j+bg) from Equation [19] 
^ "til 3. is annual change of CI in i period : 
^ Period 1 is I960 to 1971; Period 2 is 1971 to 1979; 
M = male offspring; F = female offspring. 
^Significantly different from zero (P<.05). 
^Significantly different from within sex (P<.05). 
*^Proportion of variation accounted for by Equation [l9]. 
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Table 16. Estimates of annual change for EDK, PDF and PDF$ of 
K6S of male and female offspring 
Trait 
Estimates 
of Change® PDM(lb) PDF(lb) PDF^ 
^1M -2.3+3.1 -.172.08* -.006 2*0003 
32M 61.3+2.8^'° 1.85+.07*'® -.00262.0003*'® 
êiF 2.8^3.1 -.212.08* -.00232-0003* 
32F 51.8+2.8*'° 1.382.07*'® -.00362.0003*'® 
.975* .978* .950* 
is b,j and is (b^+bg) from Equation [19] 
^ til g is annual change of PD in i period: 
Period 1 is I960 to 1969; Period 2 is 1969 to 1979; 
M = male offspring; F = female offspring. 
^Significantly different from zero (P<.05). 
^Significantly different from within sex (P<.05). 
^Proportion of variation accounted for by Equation [19]. 
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In the regression analyses of average CI's of MGSD's, Period 2 began in 
1974 for all three production traits (i.e., 1974 was the join point). 
Generation interval and the lag in time for CI*3 to reflect changes in sire 
selection were responsible for the relatively small changes in KGD CI that 
occurred before 1974 (Table 17). Changes in Periods 1 and 2 were 
significant for all traits, despite the relatively small magnitudes of the 
changes. Since the mean square errors were small, even small changes were 
statistically significant. 
Trends in ETA's of Male and Female Offspring 
Average PD's of male offspring (sons) bom in I960 through 1979 are 
listed by birth years in Table 18. The PD's were not available for bulls 
bom in 1978 or 1979 since approximately 5 to 6 years are necessary to 
obtain sufficient progeny records to calculate PD's of bulls. The average 
PD's of sons bom in I960 were negative for all production traits (-229 lb 
PDM, -10 lb PDF, and -.008 PDF^). Average PDM of sons continued to be 
negative until 1971 although the pattern of positive change began in 1968. 
The decline in average PDF% of sons was largest from 1968 to 1972. After 
1972, average PDF^ of sons generally fluctuated around -.050^. Changes in 
selection goals may have occurred with more emphasis being placed on 
genetic merit for fat percent. Repeatabilities of PDM and PDF of the sons 
are in Table 64. Comparisons of average repeatabilities were not 
meaningful because RPT's were largely dependent on the age of the males 
bom in I960 through 1979. Younger bulls would have fewer producing 
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Table 17. Estimates of annual change for CIM, CI? and CI?$ of 
MGD of male and female offspring 
Trait 
Estimates 
of Change^ CIH(lb) ClP(lb) CIF% 
^1M -2.0+0.4^ -.07^.01^ .0000+.0001* 
^2M 22.2j^1.4^'° .67^.04*'° -.0010+.0002*'® 
^IF -5.4^.4* -.09+. 01* .0003+.0001° 
^2F 25.111.4*'° .591.04*'° -.0022+_.0002*'® 
.951* .958* .855* 
^3.^ is b^ and gg is (b^+bg) from Equation [l9] 
I is annual change of CI in i^^ period; 
Period 1 is I960 to 1974; Period 2 is 1974 to 1979; 
M = male offspring; F = female offspring. 
^Significantly different from zero (P<.05). 
^Significantly different from 3^ within sex (P<.05). 
^Proportion of variation accounted for by Equation [l9]. 
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Table 18. Means and standard deviations (SB) of EDM, PDF, and PDP$ 
for registered Eolstein bulls bom in I960 through 1977^. 
Mean (SD) 
Birth Year PDM (lb) PDF (lb) PDF# 
I960 -229(473) -10(15) -.008(.070) 
1961 -245(460) -10(16) -.004(.071) 
1962 -232(461) -9(16) -.003(.073) 
1963 -239(496) -9(16) -.003(.075) 
1964 -184(520) -8(17) -.011(.072) 
1965 -217(468) -9(15) -.006(.067) 
1966 -209(481) -9(15) -.006(.068) 
1967 -218(457) -9(15) -.005(.066) 
1968 -191 (473) -8(15) -.009 0065) 
1969 -125(490) -7(16) -.015(.067) 
1970 -31(518) -4(16) -.021(.068) 
1971 62(507) -2(16) -.027(.069) 
1972 168(508) 2(16) -.030(.066) 
1973 234(518) 4(17) -.028(.069) 
1974 303(545) 7(18) -.030(.068) 
1975 399(528) 10(17) -.0300071) 
1976 540(503) 14(17) -.039(.066) 
1977 666(435) 19(14) -.032(.056) 
®No bulls bom in 1978 or 1979 had PD's when the data set 
was created (Summer 1982). 
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daughters, and consequently the RPT's of their proofs would be relatively 
small. 
Average PDT's of sons are in Table 65. Averages of EDT 
fluctuated around 0.0. Values for genetic merit of "type were negative in 
the last three years. Although the average PDT's of sires increased with 
birth year of sons (Table 8), no similar trend was observed for EDT's of 
sons. 
From I960 to 1969, average genetic merit for female offspring was 
slightly negative for milk production (Table 19). Gradual increases in 
average CIM of daughters (cows bom in 1960 throu^ 1979) began in 1969 
while GIF# declined. The increases in the ETA*s of the parents of the 
female progeny were not as large as those for male offspring. Conse­
quently, the change in average CIM of dau^ters was observed a year later 
than the change in EDM of sires. Table 66 lists the average repeatabilities 
of CIM and CIF of female progeny. The RPT's also were dependent on the age 
of the daughters. Older dau^ters would have more production records, and 
consequently larger RPT's of their CIM's. 
Actual trends in the average genetic merit of registered males and 
females bom from I960 through 1979 are shown in Figures 8, 9 and 10. 
Segmented regression analyses (Equation [20]) provided estimates of annual 
change in PD's of male offspring and CI*s of female progeny. 
The join point for trends in son PD*s for all traits was 1968. The 
annual changes in PD*s before 1968 ) were 2.8 lb milk, -.04 lb 
milk fat, and -.0010 milk fat percent (Table 20). .The yearly trends after 
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Table 19. Means and standard deviations (SD) of CIH, CI?, and CIP$ 
for registered Holstein cows bom in I960 throng 1979* 
Mean (SD) 
Birth Year CIM (lb) GIF (lb) CI# 
I960 -65(526) -2(12) .004(.053) 
1961 -71(339) -2(12) .004(.056) 
1962 -82(345) -3(12) .002(.057) 
1965 -71(354) -3(13) -.000(.060) 
1964 -81(367) -3(13) -.001(.060) 
1965 -72(368) -3(15) -.002(.061) 
1966 -65(377) -2(13) .001(.062) 
1967 -67(587) -2(14) .002 0064) 
1968 -53(385) -2(14) .003(.066) 
1969 -11(400) -1(15) -.003(.066) 
1970 12(405) -1 (15) -.007 0066) 
1971 45(421) -0(15) -.011(.067) 
1972 102(456) 2(16) -.011 (.071) 
1975 147(442) 3(16) -.014(.074) 
1974 186(447) 4(16) -.019(.079) 
1975 230(463) 5(17) -.021 (.083) 
1976 315(484) 8(17) -.026(.080) 
1977 394(476) 10(17) -.029(.078) 
1978 474(460) 12(16) -.033(.074) 
1979 554(441) 15(15) -.032(.072) 
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Figure 8. Trends in PDM of males and CIM of females born in 1960 to 1979 
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Figure 9. Trends in PDF of males and GIF of females born in 1960 to 1979 
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Figure 10. Trends in PDP^ of males and CIF% of females born in I960 to 1979 
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Table 20. Estimates of annual change in FDM, PDF and PDF^ of bulls 
born in I960 through 1977 
Trait 
Estimates 
of Change* PM(lb) PDF(lb) PDF% 
2.8+2.5 -.04^.11 -.0010+_.0005 
gg 92.1+2.2^'® 2.89+.10^'° -.00311.0004^'° 
.995* .989* .901* 
is b^ and is (tv^+b^) from Equation [20] 
+v 
g is annual change of PD in i period: 
Period 1 is I960 to 1968; Period 2 is 1968 to 1979-
^Significantly different from g^ (P<.05). 
^Significantly different from zero (P<.05). 
^Proportion of variation accounted for by Equation [20]. 
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1968 ( Bg) were significantly different (P<.05) from those in Period 
1. Average EDM of male progeny then increased by 92.1 lb per year while 
PDP$ of males continued to decline (-.0051 per year). 
Rates of chainge in the genetic merit of females (Table 21 ) were less 
than those of males. This would be expected. Â considerably small number 
of bulls were saved for breeding purposes while most cows remained in herds 
to produce at least one lactation. Periods 1 and 2 for female offspring 
were I960 to 1969, and 1969 to 1979. Trends in Period 1 were relatively 
small and nonsignificant, while ^'s for CI were estimated as 56.7 lb 
milk, 1.57 lb milk fat and -.0033 milk fat percent (Table 21). 
Genetic Trend Estimates 
Several researchers (Hintz et al., 1978; Kennedy and Hoxley, 1975; 
Powell et al., 1977b; Schaeffer et al., 1975) have estimated g by doubling 
the regression of average transmitting ability of sires of dau^ters on 
year of dau^ter freshening. Genetic trend in the female population of 
their studies was measured by this method with the assumption that the rate 
of genetic change in sires was equal to the rate of genetic change in dams. 
Hintz et al. (1978) found that the trend in average estimated breeding 
(EBV) of sires was greater than the change in the average EBV of their 
daughters. Similarly, the rate of change for average sire EBV was 
substantially larger than the change in an approximate estimate of average 
cow EBV in the study of Powell et al. (I977b). 
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Table 21. Estimates of change in CIM, GIF and CIF% of cows 
bom in 1960 through 1979 
Trait 
Estimates 
of Change* CIM(lb) GIF (lb) CIF% 
1.7ji2.3 -.02+.09 -.0006+^.0002 
56.712.1^'® 1.572.08^'° -.00551.0002^'° 
.986* .972* .981* 
is b^ and is (b^+bg) from Equation [20] 
g. is annual change of GI in the i^^ period: 
Period 1 is I960 to 1969; Period 2 is 1969 to 1979. 
^Significantly different from (P<.05). 
^Significantly different from zero (P<.05). 
^Proportion of variation accounted for by Equation [20]. 
h 
h 
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Regression analyses of these data indicated that changes in average 
ETÂ'S of sires and dams were not equal within the time periods studied. 
Consequently, genetic changes in both the male and female populations were 
estimated by summing the annual changes in PD's of sires and CI's of dams 
for each of the production traits (Equation [2l]). Since ED's of sires and 
CI's of dams are estimates of transmitting ability of the parents, the sum 
of annual trends in FD's of sires and CI's of dams should equal the rate of 
annual genetic change in their offspring. 
Estimates of annual genetic change within the male and female 
populations and calculated from the yearly trends in PD's of sires and CI's 
of dams (i.e., Year + ^dam CI, Year^ ^  ^ 22. 
The estimates of annual change in FD's of sires and CI's of dams were 
obtained from Tables 14 and 15. Substantial differences existed between 
Periods 1 and 2 for annual genetic change in milk, milk fat, and milk fat 
percent. Powell et al. (1977b) also reported larger g for milk and milk 
fat in the latter time period of their study. The estimates of g for 1968 
to 1975 (84 lb milk, 2 lb fat and - .011 milk fat percent) in Powell et al. 
(1977b) were slightly less than g's in this study. Their research 
included more records and dealt with genetic change in sire-identified 
Holstein females (registered and grade). It is possible that g in 
registered Holsteins was larger than g in the grade Holstein population. 
The use of PD's and CI's when breeding decisions were made had a large 
impact on the genetic change in the population. Dairy producers' use of 
these measures of genetic merit were essential since the calculation of 
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Table 22. Estimates of annual genetic change in milk, milk fat and 
milk fat percent of the male and female populations calculated 
from trends in sire ED plus trends in dam CI 
Trait 
Fopulation Time Feriod* Milk (lb) Milk Fat (lb) Milk Fat Eercent 
Male 1960-1968 
1971-1979 
2.4+4.2 
152.2+3.1 
.28+.19 
4.38+.14 
.0014+.0005 
-.0076+.0004 
Female 1960-1968 
1971-1979 
5.8+4.2 
120.5+3.1 
-.06+.19 
3.311.14 
-.0020+.0005 
-.00721.0004 
Overall 1960-1968 
1971-1979 
4.1+3.0 
136.414.2 
.11+.14 
3.851.19 
-.0003+.0004 
-.00741.0005 
^Trend "between 1968-1971 not calculated due to the different 
join points for trends in sire ED and dam CI. 
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PD's and CI*s would not influence genetic change in itself. Additionally, 
it should be noted that the estimation of genetic change on the basis of 
changes in PD's and CI's was dependent on the accuracy with which PD's and 
ex's estimate transmitting abilities. If PD's and CI's are not accurate, 
the only trend being measured is of annual change in whatever PD's and CI's 
estimate. 
In the female population, g's from the sum of trends in sire PD and 
dam CI in Period 2 of this study (Table 22) fall within the range of values 
reported by other researchers. Estimates of g in Period 1 indicated that 
little genetic change occurred in the registered Holstein population before 
1968. Larger genetic trend estimates were obtained by Harville and 
Henderson (1967), Bumside and Legates (1967), and Hargrove and Legates 
(1971). Their data included cows calving before 1968. Each study was 
based on regressions of daughter performance on time of calving to estimate 
g, while ETA trends were used to compute g in this study. Environmental 
trend and biases due to nonrandom samples of dams (e.g., older dams bred 
to older sires) may not have been adjusted for completely in the earlier 
studies. Powell and Freeman (1974) compared g's from several methods 
using the same data. In their study, genetic change estimated from trend 
in ETA's of sires was smaller than g's from methods based on the 
regression of daughter performance on time. 
Annual genetic trends also were estimated from the segmented 
regressions (Equation [20]) of average ETA's of male and female progeny on 
birth year (Tables 20 and 21). Estimates of g in the female progeny were 
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calculated as twice the annual change in CI's of those female offspring 
(Equation [22]). Estimates of g in the registered male offspring also were 
similarly computed by doubling the estimates of annual change in ED*s of 
the male offspring. Table 23 contains the g*s for milk, milk fat, and 
milk fat percent for both male and female populations. The g's for 
milk and milk fat that were computed from trends in the ETA's of male 
offspring were slightly larger than corresponding g's computed from 
changes in ETA's of sires and dams of the male population. A considerably 
small number of bulls actually had PD's while sires and dams of most 
registered bulls had PD's and CI's, respectively. It is likely that the 
rate of genetic change in the parents of the bulls that had PD's was larger 
than the genetic trend in parents of all registered bulls. 
If all animals in a population had an available ETA, Equation [22] 
would be the more accurate method of estimating annual genetic change. 
This method relies on the actual trends in ETA*s of the individuals 
themselves. The other method of g estimation in this study (Equation 
[21 ]) is dependent on the accuracy with which sire and dam information 
predicts the genetic merit of offspring. In this study, a large number of 
male and female progeny had no available ETA's. It was difficult to 
determine if those animals that had ETA's were random samples of the male 
and female populations. A larger proportion of the sires and dams had 
PD's and CI*s. Consequently, in this study, the preferred g's were 
those obtained by summing the trends in ETA's of sires and dams (Table 
22). PD's of sires and CI's of dams computed by current procedures can be 
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Table 2). Estimates of annual genetic change in milk, milk fat and 
milk fat percent of the male and female populations calculated 
from trends in their ovn ETA 
Population Time Period Milk (lb) 
Trait 
Milk Fat (TET Milk Fat Percent 
Male 1960-1968 
1968-1979 
5.6+5.0 
184.2+4.4 
-.08+.22 
5.78+.20 
-.0020+.0010 
-.0062+.0008 
Female 1960-1969 
1969-1979 
3.4JH.6 
113.4+4.2 
-.04+/18 
3.14+.16 
.00122.0004 
.0066+.0004 
Overall 1960-1968 
1969-1979 
4.513.4 
148.8+3.0 
-.O6+.I4 
4.46+.13 
.0016+^.0005 
.0064+.0004 
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used rather effectively to estimate the genetic merit of offspring. 
Prediction of PD's of sons will be discussed later. 
Annual genetic trend for the entire population (females plus males) 
also was estimated. In Table 22, the g's for the entire population 
were computed by averaging the estimates of genetic change in the male and 
female populations. The within-sex estimates of g were averaged without 
adjusting for the number of animals in the male and female population. 
This was possible because the males and females would contribute equally 
to the genetic merit of their offspring, even though fewer bulls were kept 
for breeding purposes. Another estimate of annual genetic change for the 
entire population was obtained by averaging the g*s of males and 
females from Table 23. Although g's for the entire population were 
computed, annual genetic changes within the male and female populations 
were of more interest in this study. 
The contributions of the four paths of gene transmission were 
approximated for milk production. Genetic change per year in Period 2 was 
estimated for the entire population as one-half of the sum of the annual 
changes in PDH of sires of males, PDH of sires of females, CIH of dams of 
males, and CIM of dams of females (Tables 14 and 15). The annual genetic 
change for milk in the entire population was: 
1/2 (109.7 + 84.9 + 42.5 + 35.6) = 136.4 lb. 
This is the estimate of annual genetic change for the overall population 
in Table 22. The trends in sire PDM of sons, sire PDH of daughters, dam 
cut of sons and dam CIM of daughters were divided by two and expressed as 
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percentages of 156.4 lb. The influence of each path on g of the entire 
population was 40%, 51$, 16% and 15%, respectively. The contribution of 
dams of bulls and sires of cows varied the most from work of Robertson and 
Rendel (1950). Their values, however, were based on several assumptions 
which were not true in these data. For example, all cows in this study-
were not production tested and a very small percentage of cows were bred to 
young progeny-test bulls. In addition, selection was not based solely on 
milk production. Some selection pressure was also put on iype and milk fat 
percent. 
Annual genetic change in milk yield increased substantially after the 
introduction of CI*s and PD's. The increase in g for milk still was 
considerably smaller than was possible if selection had been based on milk 
yield only. Dairymen may be placing more emphasis on milk fat percent and 
type than is economically warranted. Under the milk pricing structure 
during the 20 years in this study, increasing milk production was 
profitable. Some selection pressure on certain type characteristics, fat 
percent and other traits may be desirable in many herds. Goals do vary 
from herd to herd. Most dairymen, however, could benefit by putting less 
emphasis on these secondary traits, since their major source of income is 
from the sale of milk. 
Generation Intervals 
Calculation of generation intervals was not necessary for the 
estimation of g, even though generation interval does influence the rate 
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of genetic change. Genetic response can be estimated as: 
l/yr = 
GI 
where i is the standardized selection intensity,is the genetic 
standard deviation, r^ is the correlation between the selection 
criteria (L) and the aggregate genotype (H), and 61 is the average 
generation interval. Generation interval was indirectly accounted for in g 
estimation in this research. The methods of estimating annual genetic 
change in this study depended on the regression of average ETA's on birth 
year of offspring. Average ETA's were a measure of the genetic merit of 
the population producing offspring during a given year. Consequently, 
yearly changes in average ETA were estimates of one-half of the annual 
change in the genetic merit of the population producing offspring. The 
major goal of this genetic trend study was to measure the annual genetic 
change of the registered Holstein population. Estimates of generation 
intervals were not needed in this study, since the genetic change of the 
population was already expressed on a yearly basis. 
Generation intervals were of interest, though, and were calculated for 
the registered Holstein population. Average ages of sires at the time of 
offspring birth are in Table 24. Average generation interval for sire-son 
increased steadily with a 31-month difference between 1960 and 1979» The 
regression of sire-son generation interval on birth year was 1.93^.09 
months. Trends in sire-son generation intervals for AI and non-AI sons 
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are discussed later. Only a small proportion of the bulls bom in each 
year entered an AI organization. 
For such a large generation interval to exist between sires and sons, 
dairymen must be registering many bull calves of older sires which have 
high repeatabilities for ED. Dairy producers may not want to take the risk 
of registering sons which have few paternal half-sisters. PD's of low 
repeatability have a greater probability of changing. Dairymen and AI 
personnel are hesitant to sample sons of sires which may not be accurately 
evaluated. The result is that sons of rather old sires, sometimes, are 
sampled even thou^ greater genetic change in the population would occur 
from the use of sons of younger, genetically superior sires. The increases 
in generation interval between sires and sons also may reflect the greater 
use of AI sires to produce sons. AI sires would tend to be older than non-
AI sires. 
The trend in generation interval for sire-daughter (.65;^.03 mo) 
was smaller than for sires of sons (Table 24). The average generation 
interval between sires and offspring appeared to be stabilizing in the 
later years of the study (1976 to 1979). Average generation intervals for 
dam-son and dam-daughter remained relatively constant over the 20-year 
period (Table 25). The average age of dams of sons was approximately 12 
months greater than the age of dams of daughters. This suggests that 
dairymen waited for an extra production record on the dam before deciding 
to register her bull calf. 
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Table 24 • Means and standard deviations (SD) for age of sires at time 
of birth of their registered Holatein offspring (by birth 
year and by sex of offspring). 
Males Females 
Birth 
Year Mean (mo.) SD Mean (mo.) SD 
I960 75 41 78 42 
1961 77 40 78 42 
1962 79 40 78 41 
1965 80 40 80 42 
1964 81 41 81 42 
1965 85 41 81 42 
1966 84 41 81 41 
1967 86 41 85 41 
1968 85 40 82 40 
1969 88 41 82 41 
1970 89 40 84 41 
1971 92 59 85 41 
1972 97 40 86 42 
1975 100 42 87 45 
1974 100 45 85 45 
1975 104 44 86 44 
1976 107 45 88 45 
1977 110 46 90 44 
1978 111 47 91 44 
1979 107 47 89 42 
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Table 25. Means and standard deviations (SD) for age of dams at time of 
birth of their registered Holstein offspring (by birth year 
and by sex of offspring). 
Hales Females 
Birth 
Year Mean (mo.) SD Mean (mo.) SD 
I960 67 52 56 27 
1961 68 52 57 28 
1962 69 52 58 28 
1965 69 52 58 28 
1964 68 52 58 28 
1965 68 52 58 28 
1966 68 51 57 28 
1967 67 51 57 27 
1968 68 51 57 27 
1969 68 50 57 27 
1970 67 50 57 27 
1971 67 50 57 27 
1972 67 50 56 27 
1975 66 50 56 27 
1974 67 50 56 27 
1975 67 50 56 26 
1976 66 50 57 27 
1977 67 50 56 27 
1978 66 50 56 27 
1979 65 50 56 27 
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Comparison of AI and Non-AI Bulls 
Average FDH's of sires of AI and non-AI bulls are in Table 67. Small 
increases in average EDM of sires of AI bulls were first observed in 1961. 
Substantially larger changes in genetic merit of sires of AI bulls occurred 
after 1968. Average EDM of sires of non-AI bulls did not show consistent 
increases until 1968. Yearly changes in EDM of sires of non-AI bulls then 
were similar to the annual increases in average EDM of sires of AI bulls. 
Average EDP's of sires of AI and non-AI bulls are in Table 68. 
Increases in sires' genetic merit for milk fat were similar to trends in 
average EDM of sires of AI and non-AI bulls. Trends in average EDF^ of 
sires (Table 69) also varied between AI and non-AI bulls. The sires of AI 
bulls, generally, had smaller average EDF^ than did sires of non-AI bulls, 
especially after 1967. Since a negative genetic correlation exists between 
milk and milk fat percent, smaller EDF^ would be expected when em^asis on 
sire EDM increased. Considerable selection pressure was put on the EDM of 
sires of AI sons. 
Differences between selection differentials for sires of AI and non-AI 
bulls were computed within each birth year. They were calculated as the 
differences between average ED's of sires of AI and non-AI sons. To 
accurately measure the differences in actual selection differentials that 
existed at the time of mating, the information used in mnir-ing the selection 
decisions was needed. Since that information was not available, the 
current ETA*s were utilized. Differences in selection differentials for 
sire EDM, EDF and EDF^ aire in Table 26. From I960 to 1963» the difference 
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Table 26. Differences between average selection differentials 
for EDM, PDF and PDP% of sires of AI and non-AI bulls. 
Trait* 
Birth 
Year PDM (lb) PDF (lb) PDF? 
I960 25 -1 -.015 
1961 64 2 -.002 
1962 141 7 .012 
1965 160 8 .015 
1964 524 15 .007 
1965 520 12 .009 
1966 556 12 .000 
1967 410 12 -.024 
1968 444 14 -.017 
1969 507 17 -.008 
1970 554 15 -.054 
1971 545 17 -.019 
1972 461 17 -.008 
1975 474 17 -.005 
1974 486 18 .001 
1975 516 19 —.004 
1976 502 12 -.055 
1977 468 12 -.027 
1978 597 12 —.016 
1979 559 11 -.015 
®PD of sires of AI bulls minus PD of sires of non-AI 
bulls. 
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between sire FDM of AI and son-AI bulls was less than 200 lb. 1969, 
the average EDM of sires of AI bulls was over 500 lb greater than that of 
non-AI bulls. The difference declined slightly by 1979. 
Average repeatabilities of PDM and PDF of sires were largest for AI 
bulls (Table 70) but not greatly so. Differences in repeatabilities of the 
most recent ED*s of sires are difficult to interpret. It is possible that 
the average repeatabilities of sires of AI and non-AI sires were equal at 
the time the matings occurred. A larger percentage of the AI sons probably 
were sired by AI bulls which had larger repeatabilities. Average repeat-
abilities of EDM's of sires of non-AI bulls gradually increased from 
I960 to 1979. The standard deviations of average repeatabilities of sires 
of non-AI bulls still were relatively large in comparison to those for AI 
bulls. 
Averages of EDT's of sires of AI and non-AI sons (Table 71) were 
larger than average EDT's of sires of registered Holstein females (Table 
8). Average genetic merit of sires of the registered females was used as 
the population mean for EDT of sires. Only during, the last five years of 
this study were average EDT's of sires of non-AI bulls larger than 
corresponding averages for AI bulls. 
Similar to patterns in average genetic merit for milk of sires, the 
average CIM's of dams of AI bulls were larger than those of non-AI bulls 
within all birth years (Table 72). ^ 1979, the difference in average 
CIM's of dams was 700 lb in favor of AI bulls. The average CIM of dams of 
non-AI bulls was never more than 200 lb larger than average CIM of dams of 
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all registered females. Since AI and non-AI registered bulls were selected 
groups of individuals, it was possible and quite reasonable that average 
CIM's of dams of these bull groups would be superior to average CIK's of 
dams of all registered females. More rapid genetic change, however, could 
have occurred if the average CIM's of dams of non-AI bulls had been larger. 
Dairymen should strive to increase the selection differentials of dams of 
non-AI bulls. 
The differences in average GIF of dams were relatively large between 
the AI and non-AI bull subgroups (Table 73)» Average CIF^ of dams did not 
vary substantially between these subgroups (Table 74). Differences in 
selection differentials for dam CI's for the production traits are in Table 
27. Average CI*s of dams of non-AI bulls subtracted from corresponding 
averages of AI bulls yielded the differences in selection differentials for 
dams. These values were computed using current CIM's of dams, and thus, do 
not reflect the actual differences in selection intensity at the time of 
the matings. 
Repeatabilities of CIH and GIF of dams averaged slightly more for AI 
bulls than for non-AI bulls (Table 75). These differences may be due to 
the availability of more production records of the dam, to larger 
repeatabilities of HGS PD and/or MGD CI, or to a combination of these 
factors. Average repeatabilities of EDM's of MGS's and of CIM's of MGD's 
were larger for AI bulls (actual values not given). 
Tables 76 , 77 and 78 list average EDM, PD? and PDP$ of MGS's of AI and 
non-AI bulls. Relatively few MGS's in the first few years had usable PD's. 
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Table 27. Differences between average selection differentials 
for CIH, GIF and GIF# of dams of AI and non-AI bulls. 
Birth 
Year 
Trait* 
CIM (lb) GIF (lb) GIF? 
I960 30 3 .014 
1961 137 8 .020 
1962 146 7 .014 
1965 262 11 .013 
1964 275 12 .010 
1965 315 12 .005 
1966 282 12 .010 
1967 337 15 .018 
1968 372 13 -.001 
1969 380 13 -.002 
1970 387 14 -.006 
1971 404 13 -.011 
1972 419 14 —.008 
1973 485 17 —.010 
1974 501 18 -.008 
1975 520 18 -.008 
1976 587 21 -.003 
1977 633 22 -.007 
1978 643 24 .005 
1979 700 25 -.004 
^CI of dams of AI bulls minus CI of dams of non-AI 
bulls. 
125 
Trends in genetic merit of MGS's were similar to those in dams. This would 
be expected since ED's of MGS's were major components in the calculation of 
CI's of dams. These data show the increased emphasis put on MGS's in 
selection of bulls for AI use in recent years. Genetic merit of MGS's has 
been shown to be useful in predicting PD's of young bulls. 
Average MGS PDT's (Table 79) indicated that AI organizations selected 
bulls whose MGS's had large PDT's. This was expected since considerable 
emphasis has been placed on the dam's body conformation. High scoring dams 
would tend to be daughters of sires that had larger PDT's. Although average 
PDT's of MGS's of non-AI bulls were greater than those of all registered 
females (Table 62), they were smaller than average PDT's of MGS's of AI 
bulls. Since a relatively small percentage of bulls were selected 
for registration in the HPAA herdbook, average PDT's of sires of both AI 
and non-AI bulls were expected to be larger than the average PDT's of the 
sires of the population, assuming some selection pressure was on type. 
Average PDT's of sires of registered females were utilized as the average 
PDT's of sires in the population. 
Average CIM's, GIF's and CIF%'s of MGD's of AI and non-AI bulls are in 
Tables 80, 81 and 82. AI bulls continued to have superior ancestors in 
comparison to non-AI bulls. Trends, however, were relatively small with 
the largest increases in CIM and GIF of MGD's occurring in the last 2 to 4 
years. Averages of MGD CIP^ of AI bulls changed from year to year but 
followed no apparent pattern. 
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Segmented regression analyses (modification of Equation [l9]) were 
done to measure trends in the ETA*s of sires and dams of AI and non-AI 
bulls. Trends in average EDM and average PDF of sires differed 
significantly for the AI and non-AI bull groups (Table 28). The annual 
changes were larger for AI bulls in Period 1 while average FDM and average 
PDF of sires of non-AI bulls increased at a faster rate from 1968 to 1979. 
Sires of AI bulls did maintain their genetic superiority over sires of non-
AI bulls (Table 67). Increases in PD's of sires of AI sons bom before 
1968 were possible if a majority of the sons entered AI based on their own 
initial proofs. Sons of superior sires ould be more apt to themselves have 
superior PD's. Since most bulls were at least 3 years old before groups of 
their dau^ters completed lactations, it was possible that bulls bom in 
1963 or later could have entered AI based on their own PD's. Sire 
evaluations based on a PD formula were first computed in 1967. AI 
organizations also may have selected sires of sons more intensely than did 
dairymen. The earlier sire evaluations (before 1967) may have been used 
somewhat effectively in choosing genetically superior bulls to be sires of 
AI sons. 
Annual trends in average CI's of dams of AI and non-AI bulls were not 
as large as corresponding trends in average PD's of sires (Table 29). These 
results were similar to changes in average ETA's of sires and dams of all 
registered males. Heterogeneity of trends in CIH, GIF and CIF$ of dams of 
AI and non-AI bulls existed in Period 1 (1960-1971). The differences 
between and frgu were significant for CIM and GIF of dams. 
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Table 28. Estimates of annual change for EDM, PDF and EDF% of sires 
of AI and non-AI bulls 
Trait 
Estimates 
of Change® PDM(lb) PDF (lb) PDF# 
68.2+4.9* 2.412.19* -.00061.0011 
106.0+3.4*'° 2.951.13* -.00581.0007*'° 
^1N 5.9H.9 .451.19* .00161.0011 
^2N 112.913.4*'° 3.321.13*'° -.00521.0007*'° 
.993* .989* .833* 
is andp 2 is (b^+bg) from Equation [l9] 
g. is annual change of PD in i^^ period: 
Period 1 is I960 to 1968; Period 2 is 1968 to 1979» 
A = AI; N = non-AI. 
^Significantly different from zero (P<.05). 
^Significantly different from within type of proof (P<.05). 
^Proportion of variation accounted for by Equation [l9]. 
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Table 29. Estimates of annual change for cm, GIF, and CIF^ of dams 
of AI and non-AI bulls 
Estimates^ 
of Change' a 
Trait 
CIM(lb) CIF(lb) CIÎ% 
^2A 
^1H 
^2N 
28.512.6 
72.9+3.7 
•3+2.6 
b,c 
41.2+3.7 ,b,c 
.60+.12' 
2.431.17 
-.05+.12 
b,c 
1.20+.17 b,c 
.00292.0003 
.00141.0004^'® 
.0004+.0003 
-.0020+.0004 b,c 
.987' .976' .903' 
is b^ and gg is (b^^+bg) from Equation [l9] 
g is annual change of CI in i^^ period: 
Period is I960 to 1971; Period 2 is 1971 to 1979; 
A = AI; N = non-AI. 
^Significantly different from zero (P<.05). 
^Significantly different from within type of proof (P<.05). 
^Proportion of variation accounted for by Equation [l9]. 
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The average ED ' s of AI and non-AI hulls (Tables 50 and 51 ) showed that 
AI bulls were genetically superior to non-AI bulls. The larger selection 
differentials for parents of AI bulls (Tables 26 and 2?) yielded a 400 to 
500 lb difference in EDM in favor of AI bulls. The average EDF^ of the AI 
bulls was smaller than PDF% of non-AI bulls in most years. This was 
expected since the parents of AI bulls had smaller ETA's for fat percent in 
comparison to sires and dams of non-AI bulls. 
Although a rather large number of non-AI bulls had been evaluated, 
they were not expected to have as much genetic impact on the registered 
Holstein population as would the AI bulls. Approximately 68$ of the 
registered Holstein females in these data were sired by AI bulls. Over 75% 
of the cows registered in 1978 and 1979 were by AI sires. 
Sire-son generation intervals varied between AI and non-AI bull groups 
(Table 85). Average age of sires when their AI sons were bom ranged from 
97 to 152 months. The corresponding range for non-AI sons was 80 to 117 
months. The younger ages for sires of non-AI sons were associated with the 
smaller repeatabilities for EDM of sires of non-AI sons (Table 70). 
Regressions of sire-son generation interval on birth year were signifi­
cantly different from zero (E<.05) for AI and non-AI bulls. Age of sires 
of AI bulls increased by 1.25j^.26 months. The rate of change for 
sire-son generation interval of non-AI sons was 2.07j^.12 months. Son-
sire generation intervals for both AI and non-AI bulls decreased in later 
years. 
128 
Table 30. Means and standard deviations (SB) of PDM, PDF and 
PDP^ for AI bulls 
Mean (SD) 
Birth 
Year PDM (lb) PDF (lb) PDP% Number® 
I960 -82(530) -5(18) -.011 (.101) 180 
1961 -128(492) -5(18) -.001(.091) 163 
1962 -65(524) -2(18) .003(.106) 205 
1963 -4(597) -2(19) -.010(.104) 194 
1964 133(540) 1(18) -.027(.087) 264 
1965 137(539) 2(17) -.019(.104) 269 
1966 221(552) 4(19) -.024(.102) 257 
1967 150(523) 3(19) -.014(.111) 238 
1968 238(554) 5(19) -.024(.100) 245 
1969 288(575) 5(18) -.034(.110) 307 
1970 375(568) 7(18) -.042(.097) 395 
1971 448(510) 10(18) -.043(.097) 463 
1972 522(521) 13(18) -.039(.090) 527 
1973 605(553) 17(18) -.034(.097) 576 
1974 682(548) 19(19) -.041(.094) 603 
1975 780(523) 23(18) -.037(.099) 581 
1976 824(466) 23(16) -.046(.085) 613 
1977 853(363) 25(11) -.042(.06l) 117 
dumber of bulls which have a PDH, PDF and PDF?. 
129 
Table 31• Means and standard deviations (SL) of EDM, EDF and 
EDF$ for non-AI bulls 
Mean (SP) 
Birth 
Year EDM (lb) EDF (lb) EDF$ Number^ 
1960 -263(452) -11(15) -.007(.061) 776 
1961 -269(449) -11(15) -.005(.O66) 774 
1962 -270(437) -11(14) -.005(.063) 918 
1965 -293(453) -11(15) -.001(.066) 839 
1964 -279(474) -11(15) -.006 0066) 882 
1965 -274(429) -11(14) -.004(.058) 1684 
1966 -271(436) -10(14) -.003(.061) 1771 
1967 -268(423) -10(14) -.004(.057) 1758 
1968 -246(432) -10(14) -.007 0059) 1895 
1969 -190(442) -9(14) -.012(.057) 1961 
1970 -110(469) -7(15) -.017(.060) 2046 
1971 -17(469) -4(15) -.024(.062) 2262 
1972 89(470) -1 (15) -.028(.060) 2384 
1973 146(467) 1(15) -.027(.060) 2409 
1974 194(492) 3(16) -.027(.059) 2080 
1975 273(466) 6(15) -.028(.059) 1759 
1976 373(446) 8(15) -.035(.051) 1040 
1977 469(419) 14(14) -.022(.048) 111 
dumber of bulls which have a EDM, EDF and EDFyf. 
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Average dam-son generation intervals (Table 84) changed by 
approximately -.99^«17 months per birth year for AI sons and -.20^.02 
months per year for non-AI sons. During the first several years of the 
study, dams of non-AI sons averaged as much as 20 months younger than 
the dams of AI sons. AI organizations apparently decided that accurate 
selection of genetically superior dams was possible with fewer available 
production records on the dam. In 1974, a dramatic drop in average age of 
dams of AI sons occurred (Table 84). Sam-son generation interval in the 
non-AI group remained unchanged from 1972 to 1979. 
Progeny-Test Bulls 
Table 32 lists the number of progeny-test AI bulls and the number of 
progeny-test bulls returned to active AI service. The number of bulls 
that were progeny tested each year steadily increased especially after 
1970. This agrees with a survey by Lee et al. (1980) that showed an 
increase in the number of bulls that entered AI progeny-test programs 
between 1975 and 1979. The numbers of bulls identified as AI progeny-
tested and returned to active AI service were fairly accurate for birth 
years before 1973. Most bulls bom after 1973 and returned to active AI 
service were not likely to have over 100 production-tested dau^ters by the 
summer of 1982. One hundred dau^ters in the calculation of the ED of a 
bull was the criterion used in this study to determine which progeny-test 
bulls had been returned to active AI service. Once an initial proof is 
obtained for a bull, and he is chosen to remain in the AI organization. 
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Table 32. Number of progeny-test bulls® by birth year 
Birth No. of Birth No. of 
Year Bulls Year Bulls 
1960 68(46)* 1970 233( 76) 
1961 70(49) 1971 363(120) 
1962 98(45) 1972 408( 96) 
1963 99(48) 1973 482( 73) 
1964 143(35) 1974 515( 23) 
1965 156(47) 1975 513( 23) 
1966 161(68) 1976 637( 5) 
1967 146(59) 1977 655( 0) 
1968 115(43) 1978 641( 0) 
1969 156(60) 1979 847( 0) 
*First AI daughter was bom when bull was 21 to 
42 months old. 
^Number of progeny-test bulls which were returned 
to active AI service. 
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approximately 3 additional years are necessary before the second crop of 
daughters is included in the PD calculation. Bulls bom after 1973 were 
not likely to have a second crop of milking dau^ters at the time of this 
study. A recent survey of AI organizations (Lee, K. L. and A. E. Freeman, 
1982; AI Organization Survey, unpublished. Department of Animal Science, 
Iowa State University, Ames) indicated that approximately 1 of 5 progeny-
test bulls were returned to active service in 1981. This would be the 
approximate ratio of progeny-tested bulls bom in 1975 or 1976 that were 
returned to active AI service. The ratio from Table 32 is much smaller 
than 1:5. Host meaningful interpretations from results of this research 
will be made for all progeny-test bulls. Only limited conclusions are 
possible for progeny-test bulls returned to active AI service as will be 
discussed later. 
The main criterion that AI personnel uses to select progeny-test bulls 
to be returned to active AI service is the initial ED*s of those bulls. 
Average FDM, PDF and PDF^ of all AI progeny-test bulls and progeny-test 
bulls returned to active AI service are in Tables 33 and 34» In I960 to 
1973, progeny-test bulls returned to AI service generally were genetically 
superior to all progeny-test bulls for milk and milk fat yield. 
In 1974 to 1976, few bulls were identified as returned to service due 
to the method used to determine which bulls bad been selected for extensive 
AI use (i.e., 2.^00 production-tested dau^ters). The possibility 
exists that a majority of the bulls that were bom after 1973 and had more 
than 100 production-tested dau^ters never were returned to active service. 
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Table 53• Means and standard deviations (SD) of PDM, PDF and 
PDF$ for all AI progeny-test bulls 
Mean (SD) 
Birth 
Year PDM (lb) PDF (lb) PDF# number^ 
1960 -95(502) —6(16^ -.017(.093) 68 
1961 -48(550) -4(19) -.012(.087) 70 
1962 -57(543) -1(17) .009(.097) 97 
1963 -57(644) -3(20) -.002(.105) 99 
1964 203(500) 3(16) -.030(.074) 140 
1965 204(501) 4(16) -.023(.092) 153 
1966 237(565) 6(21) -.019(.098) 158 
1967 184(548) 3(19) -.021 (.103) 144 
1968 262(564) 7(19) -.013(.103) 115 
1969 217(552) 5(18) -.021(.112) 151 
1970 343(602) 5(19) -.047(.089) 230 
1971 413(517) 9(19) -.038(.094) 354 
1972 484(514) 12(18) -.036(.089) 394 
1973 573(543) 16(18) -.031(.096) 466 
1974 652(514) 18(18) -.040(.093) 487 
1975 765(514) 22(17) -.038(.099) 490 
1976 800(440) 22(15) -.045(.083) 531 
1977 877(338) 25(10) -.047(.061) 99 
dumber of bulls which have a PDM, PDF and PDF$. 
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Table 34. Means and standard deviations (SD) of PDM, PDF and FDF% 
for progeny-test bulls returned to active AI service 
Mean (SD) 
Birth 
Year PDM (lb) PDF (lb) PDF? Number' 
I960 -105(510) -7(18) -.019(.088) 46 
1961 -57(605) -4(21) -.012(.092) 49 
1962 -59(634) 1(18) .024(.120) 45 
1963 -25(785) -1(24) • .002(.124) 48 
1964 315(499) 4(17) -.050(.075) 35 
1965 211(516) 6(18) -.011(.126) 47 
1966 259(650) 8(23) -.011(.117) 68 
1967 224(656) 5(22) -.016(.128) 59 
1968 406(583) 13(20) -.011(.131) 43 
1969 389(647) 9(22) -.035(.119) 60 
1970 657(667) 13(22) -.068(.109) 76 
1971 629(494) 16(19) -.047(.099) 120 
1972 644(575) 19(20) -.030(.110) 96 
1973 647(619) 22(18) -.008(.118) 73 
1974 401(657) 14(21) .002(.110) 23 
1975 749(509) 25(21) -.014(.146) 23 
1976 440(541) 18(21) .017(.083) 5 
dumber of bulls which have a PDM, PDF and PDF?. 
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Large quantities of semen of popular-pedigreed bulls often are distributed 
when the young bulls are progeny-tested. Several AI organizations that 
responded to the survey of Lee and Freeman (1982, AX Organization Survey, 
unpublished. Department of Animal Science, Iowa State University, Ames) 
indicated that large quantities of semen were initially distributed for a 
few bulls entering their progeny-test programs. Consequently, over 100 
daughters may be in the initial proofs of those bulls. It is possible that 
some bulls bom in 1974 to 1976 and identified as returned to active 
service were popular-pedigreed bulls that were heavily sampled. Ho 
guarantee existed that the popular-pedigreed bulls eventually would be 
returned to extensive AI use. Additional evidence from the list of average 
PD's of active bulls (Powell and Wiggans, 1981) would suggest that some 
bulls bom in 1974 through 1976 and identified as returned to AI were 
mislabeled. Average EDM's of active AI bulls have consistently increased 
since 1974. This would not be possible if relatively inferior bulls had 
been returned to extensive AI use as is indicated by Table 34» Averages 
within the other birth years also may be biased by popular-pedigreed bulls 
which never were returned to active AI service. Further discussions of 
progeny-test bulls returned to active AI will refer to those bulls bom 
before 1974. 
During 1969 through 1973» bulls returned to AI service were of parents 
that were genetically superior for milk and milk fat. Average EDM, EDF and 
PDF$ of sires of all progeny-test bulls and bulls returned to AI service 
are in Tables 85, 86 and 87. Although averages of PDF^ of sires of all 
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progeny-test bulls exhibited a general declining trend, average EDP^ of 
sires of progeny-test bulls returned to AI service showed no linear 
pattern. This was similar to observations made of average EDP% of the 
bulls themselves. Average EOT of sires of these progeny-test bull groups 
are in Table 88. Substantial selection on EOT occurred after 1972. 
Not until 1970 were average CIM and average GIF of dams (Tables 89 and 
90) consistently larger for progeny-tested bulls returned to AI service 
thain for all AI progeny-tested bulls. The relatively small decline in 
average GIF# of dams (Table 91) in contrast to changes in sire would 
suggest that some emphasis was placed on milk fat percent of dams. This 
would tend to decrease the selection differentials for milk yield. It may 
be unreasonable, however, to expect selection to be based solely on milk 
yield. Other traits, such as milk fat percent, have some economic 
importance in the dairy industry. 
The average genetic merit for production traits of MGS's are 
summarized by birth year of offspring in Tables 92 , 93 and 94. Consider­
able selection was placed on EDM of MGS's of progeny-test bulls in the later 
years. Average EDP$ of MGS's showed an overall decline during the first 10 
years, but fluctuated around -.020 to -.025% after 1971. Table 95 contains 
the average EOT's of MGS's of all progeny-test bulls and the progeny-test 
bulls returned to active AI service. The average EOT's of MGS's indicated 
that the genetic merit of MGS's (probably expressed in the classification 
score of the dam) received considerable anphasis in selections of bull 
dams for contract matings. Dairy producers were putting excessive empha-
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sis on body conformation, which in turn reduced the rate of genetic change 
in production traits. 
Maternal granddam information was often not usable or was unavailable. 
The average CIM, GIF and CIF% of MGD for progeny-test bulls are in Tables 
96, 97 and 98. It is possible that the averages for the first years may 
have been computed from CI's of older, more selected cows. These would not 
be accurate estimates of the mean genetic merit of all MQD's of progeny-
test bulls. The averages for the last 9 to 10 years, however, should be 
representative of MSB's of all progeny-test bulls. The largest increases 
in CIM of MOD'S were after 1976. No consistent pattern of change in CIF% 
of MOD'S of progeny-test bulls was observed. 
Breeder-Proven Bulls 
Breeder-proven bulls primarily are selected to enter an AI 
organization on the basis of their initial production proofs. Table 35 
contains average EDM's, PDF*s and PDF^'s of breeder-proven bulls which 
entered active AI service. Breeder-proven bulls were initially sampled 
outside of AI organizations. As expected, these bulls were genetically 
superior for production traits. AI organizations generally would not 
incorporate breeder-proven bulls into their programs unless the bulls met 
criteria similar to those for AI progeny-tested bulls returned to extensive 
AI use. 
Comparisons of breeder-proven bulls and progeny-tested bulls returned 
to active service were most meaningful for bulls bom in 1973 or before. 
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Table 35. Means and standard deviations (SD) of PDM, PDF and PDF^ 
for breeder-proven AI bulls 
Mean (SD) 
Birth 
Year PDM (lb) PDF (lb) PDF# Number^ 
I960 -117(617) -5(19) -.004(.111) 55 
1961 -116(372) -6(18) -.010(.099) 45 
1962 -55(501) -1 (23) .005(.098) 58 
1963 124(569) -3(19) -.053(.132) 26 
1964 -17(615) -7(21) -.046(.100) 45 
1965 243(566) 2(19) -.046(.104) 37 
1966 306(468) 6(16) -.033(.106) 48 
1967 244(478) 8(18) -.006(.136) 40 
1968 362(640) 4(20) -.064(.112) 39 
1969 440(646) 7(19) -.061(.105) 45 
1970 690(418) 17(16) -.052(.121) 39 
1971 712(454) 19(16) -.047(.126) 48 
1972 907(421) 24(15) -.046(.093) 60 
1973 1100(334) 30(15) -.066(.071) 48 
1974 1171(441) 34(15) -.052(.089) 44 
1975 1247(444) 40(14) -.035(.074) 23 
1976 1397(579) 40(17) -.070(.084) 21 
1977 1408( 76) 38( 9) -.088(.077) 2 
dumber of bulls which have a PDM, PDF and PDF^. 
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As previously discussed, a large proportion of progeny-test bulls born in 
1974 or later and identified as returned to AI service may have been 
mislabeled. Consequently, they may not be representative of progeny-tested 
bulls retained for active AI use. In general, breeder-proven bulls were of 
equal or larger genetic merit for milk and milk fat compared to progeny-
test bulls returned to service. The large negative EDF^ for breeder-proven 
bulls suggested that AI organizations did not place heavy emphasis on milk 
fat percent when selecting those bulls to enter AI service. 
Breeder-proven AI bulls did have larger average PDT's. AI 
organizations may have hoped to insure that many units of semen would be 
sold from these breeder-proven bulls. Sires with large EDM's and PDT's 
tend to be popular choices in dairymen's breeding programs. 
Few marked differences were observed between pedigrees of breeder-
proven AI bulls and progeny-test bulls returned to active service. Average 
ETA'S of production traits for sire, dam, MGS, and MGD of breeder proven 
bulls are in Tables 99» 100, 101 and 102, respectively. Genetic merit of 
parents of progeny-test bulls returned to AI service are in Tables 85-87 
and 89-91. The most notable contrast was the larger negative values for 
PDF^ of sires and CIF% of dams of breeder-proven bulls. Consequently, 
breeder-proven bulls themselves had small average EDF% (Table 35). Genetic 
merit of dams of breeder-proven bulls tended to be slightly inferior to 
averages of dams of progeny-test bulls in extensive AI use. Average EDT's 
of sires of breeder-proven bulls (Table 103) were generally +1.0 point or 
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more while genetic merit for type of their MGS's (Table 104) also was 
considerably above breed average. 
Sire-son and dam-son generation intervals for breeder-proven bulls 
(Table 105) were consistently lower than corresponding generation intervals 
for all progeny-test bulls (Tables 106 and 107). As observed for non-AI 
bulls, dairymen were willing to sample sons of younger parents. More rapid 
genetic change should be possible if generation intervals were reduced. 
The assumption must be made that the reduction in accuracy of selection 
would not outweigh the positive effect of smaller generation intervals. 
Considering the relatively large age of parents, some reduction in 
generation interval is unlikely to affect the accuracy of selection. The 
reduction of generation intervals should not be a goal if as a result 
inferior individuals are selected as parents. However, if the population 
continues to change genetically, the younger animals, on the average, 
should also be genetically superior. 
Approximately 40 to 50 breeder-proven AI bulls were identified in each 
birth year (Table 35). Fewer were in 1975 through 1977 which probably is 
due to the relatively young age of those bulls. The probability that they 
would have an initial proof is rather small. The possibility exists that 
in the near future several more bulls bom in 1975 through 1977 will enter 
an AI organization based on their initial PD's. The survey of Lee and 
Freeman (1982, AI Organization Survey, unpublished. Department of Animal 
Science, Iowa State University, Ames) indicated that 30 to 35 breeder-
proven bulls have been acquired by AI organizations during each year from 
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1980 to 1982. If 100 to 120 progeny-test bulls are returned to service 
each year (Lee, K. L., and A. E. Freeman, 1982, AI Organization Survey, 
unpublished. Department of Animal Science, Iowa State University, Ames) 
approximately 20-25? of all bulls introduced into active AI service each 
year are breeder-proven. The number of bull-proving syndicates has 
increased during the past several years. In addition, their sampling 
programs have been improved (i.e., young bulls are being bred to larger 
samples of cows). It is likely that a substantial number of breeder-proven 
bulls will continue to enter AI service each year. 
Prediction of Son ED Including Birth Year as a Fixed Effect 
Dairymen and AI organizations spend considerable time and money to 
progeny-test young bulls. Sires that are used extensively in dairy 
breeding programs are selected from this group of young bulls. In order to 
utilize the resources and facilities most efficiently in progeny-test 
programs, dairy producers and AI personnel need to know what information is 
most useful in predicting the genetic merit of these bulls. Consequently, 
studies dealing with the predictive value of various ancestor information 
are needed. 
In this section, several prediction equations for son ED were 
examined. The independent variables (ancestor ETA) will be discussed in 
the following order; 
1 ) sire EDM, 
2) sire EDF$, 
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3) dam CIM, 
4) dam CIF$, 
5) MGS PDM, 
6) MGS PDP%, 
7) MŒD cm, and 
8) MGED GIF#. 
Birth year and the interaction, of birth year and the given ancestor 
ETA were included in the prediction equations to obtain wi thin-birth-year 
regression coefficients. Each prediction equation was analyzed within the 
AI and non-AI bull subsets. 
Regression coefficients for ancestor ETA*s used individually to 
predict son ED were estimated within each birth year. In the prediction 
equations (Equation [23]), birth year was considered a fixed effect. The 
significance of the interaction between birth year and ancestor ETA 
indicated (based on F-test) whether the within-year regression coefficients 
for ancestor ETA were significantly different across years. 
Table 36 lists, by birth year, the regression coefficients for sire 
FDM when used as a predictor for son FDM. The regression coefficients and 
2 the R were larger in the non-AI group. 
The expected regression weight for sire H) would be one-half times RFT 
of son's FD if FD's were only the MOD regressed by repeatability (Vinson, 
1983). However, (1-RPT) times Group Average (GA) in the FD formula 
complicates the derivation of theoretical regression coefficients. The 
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Table 36. Regression coefficients (g) for predicting AI and non-AI son 
PDM from sire IDH within birth year of son 
AI Sons* Non-AI Sons* 
Birth Son No. of Son No. of 
Year Intercept PDM° Sons Intercept PDM° Sons 
I960 -18.2 .281 -43 106 -147.0 .549 -225 521 
1961 -137.0 .362 --157 119 -188.8 .482 -254 597 
1962 —76.0 .469 -87 147 -180.5 .452 -274 738 
1963 -33.7 .508 -42 147 -177.5 .459 -292 725 
1964 57.1 .408 120 204 -157.3 .507 -287 767 
1965 73.7 .459 148 218 -181.3 .475 -276 1517 
1966 112.0 .476 205 229 -163.8 .505 -269 1604 
1967 62.1 .308 144 223 -182.2 .481 -263 1636 
1968 87.8 .430 242 236 -175.8 .497 -239 1806 
1969 92.1 .364 285 295 -184.3 .481 -185 1888 
1970 53.4 .506 378 384 -159.0 .482 -102 1976 
1971 158.8 .371 447 456 -146.0 .469 —8 2193 
1972 125.8 .451 524 523 -133.4 .489 96 2328 
1973 215.0 .395 605 576 -138.7 .487 155 2348 
1974 175.8 .484 682 603 -124.6 .512 203 2029 
1975 329.4 .393 780 581 —66.0 .471 283 1718 
1976 324.1 .383 824 613 -22.0 .463 385 1015 
1977 428.3 .304 853 117 -60.7 .486 482 108 
^^=.345 for 5,777 AI sons ; R^=.550 for 25,514 non-AI sons. 
Overall regression with birth year (BY) as covariate; 
AI son PDM = 126,2 + 22.6(BY-BÎ) +_.418 Sire PDM 
Non-AI son PDM = -148.1 + 6.6(BY-BY) + .491 Sire PDM. 
^Average PDM of sons evaluated in each year. 
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approximate expectation of the regression of sire ED on son ED in this 
study was .5 (Eowell et al., 1977a; Vinson and White, 1982). 
The average regression coefficients (i.e., over all birth years) for 
son EDM regressed on sire EDM were computed in the AI son and non-AI son 
subsets. Sire EDM and birth year, as a covariate, were included as 
independent variables. The overall regression coefficients for EDM of 
sires were .418 for AI sons and .491 for non-AI sons (Table 56). The larger 
regression coefficient for sire EDM in the non-AI son subset versus the AI 
subset would exist if the covariance between sire ED and son ED was larger 
than expected ( 1/8 ^^). It is possible that the non-AI sons often were 
mated to non-random groups of cows based on the pedigree of the son (i.e., 
sire ED and/or dam Cl). The son's ED would then be biased, and a 
correlation would exist between the cause of the bias and the sire ED. 
The results would be an unexpectedly large covariance between son ED and 
sire ED, and consequently, a relatively large regression coefficient. A 
relatively large covariance between sire ED and son ED in the non-AI subset 
2 
also would explain the larger R for the prediction equation in that 
data set. 
p 
More likely, though, the larger regression coefficient and R 
value are functions of the differences in variation between the parents of 
the non-AI and AI sons. The sires of AI sons were more highly selected 
than were the sires of non-AI sons (Table 37). As a result, the R^ 
values for prediction equations of EDM of non-AI sons would be larger than 
corresponding R *s in the AI subset. Regression coefficients for sire 
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Table 57. Means, standard deviations (SD) and average repeatabilities 
of son and ancestor ETA's for the AI and non-AI son subsets 
Subset 
Al(3-member) Al(4-member) Non-AI 
Trait Mean+SD Mean+SD Mean+SD 
Son EDM (lb) 
Son EDF% 
574+575(70)® 
.035+.098 
597+571(70) 
-.054+.098 
8+506(51) 
-.019+.060 
Sire EDM (lb) 
Sire EDF^ 
8971597(98) 
.050+.109 
9141587(98) 
-.050+.Ill 
298+740(95) 
-.011 + .104 
Dam CIM (lb) 
Dam GIF# 
664^450(48) 
.001+.078 
676+441(49) 
-.001+.078 
212+.440(46) 
.007+.075 
MGS EDM (lb) 
MGS EDP# 
5571566(96) 
.013+.097 
576+562(97) 
-.015+.095 
42+605(90) 
.004+.105 
MGD CIM (lb) 
MGD CIF% 
176+454(45) 
.005+.070 
EIM^° (lb) 
FIF%, 
7801415 
.015+.064 
2551455 
.002+.064 
EIMg® (lb) 
EIF^^ 
5871369 
-.018+.058 
160+424 
-.005+.058 
Average repeatability of EDM or CIM. 
EI^ = 1/2 sire ED + 1/2 dam CI. 
'Elg = 1/2 sire ED + 1/4 MGS ED. 
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FDM would "be unaffected "by tTruncation selection of sires. It is unlikely, 
however, that true truncation selection occurred when sires of AI and non-
AI sons were chosen. Consequently, differences in variation of sire EDM 
also could have caused the differences between regression coefficients in 
the AI and non-AI subsets. 
Significant differences did exist among birth years for regression 
coefficients of sire PDF% in son PD?$ predictions for both AI and non-AI 
sons (Table 38). The regression values tended to be smaller in the more 
recent years and were less than expected (.$). More selection on EDP% of 
sires may have occurred in the later years. Consequently, the variation 
in sire EDF$ may have been smaller, resulting in smaller regression 
coefficients. 
Biases in the independent variables (e.g., sire EDF^) of a prediction 
equation, also, can result in relatively small regression coefficients. 
Sire evaluations for EDF^ were not computed directly, rather H)F^ was 
calculated as (Norman and Cassell, 1979) 
[WfiW - (ïfifsj] ' '«o-
Any error in PDF or EDM calculations would lead to errors or bias in the 
FDP^. One possible source of error was the procedure used to compute EOF. 
The Group Averages for current EDF calculations may not be appropriate. 
They were obtained from pedigree groupings based on milk rather than milk 
fat yield, consequently, EDF*s may be biased estimates of ETA for milk fat 
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Table 38. Regression coefficients (3) for predicting AI and non-AI son 
PDF^ ftom sire EDP^ within birth year of son 
AI Sons* Non-AI Sons* 
Birth Son No. of Son , No. of 
Year Intercept |b,c PDF#* Sons Intercept gb,c PDF#* Sons 
I960 -.004 .365 -.011 106 -.009 .272 -.012 521 
1961 .004 .247 .003 119 -.005 .219 -.006 597 
1962 .006 .511 .011 147 -.003 .253 -.005 738 
1963 -.008 .366 -.005 147 .000 .256 .000 725 
1964 -.024 .324 -.025 204 —. 006 .244 -.005 767 
1965 -.019 .463 -.017 218 —.004 .210 -.003 1517 
1966 -.027 .441 -.023 229 -.007 .239 -.003 1604 
1967 -.009 .495 -.014 223 -.008 .172 -.005 1636 
1968 -.022 .432 -.023 236 -.011 .199 -.008 1806 
1969 -.030 .418 -.031 295 -.013 .148 -.012 1888 
1970 -.024 .437 -.042 384 —. 016 .162 -.017 1976 
1971 -.027 .407 -.042 456 -.019 .208 -.024 2193 
1972 -.029 .318 -.038 523 —.024 .174 -.028 2328 
1973 -.023 .330 -.033 576 -.023 .179 -.027 2348 
1974 -.032 .270 -.040 603 -.022 .158 -.027 2029 
1975 -.024 .282 -.037 581 -.023 .152 -.028 1718 
1976 -.027 .222 -.045 613 -.029 .115 -.034 1015 
1977 -.027 .161 -.041 117 -.017 .129 -.023 108 
^^=.161 for 5,777 AI sons; R^=.146 for 25,514 non-AI sons. 
^Overall regression with birth year (BY) as covariate: 
AI son PDF% = -.022 - .001(BÏ-Î7) + .352 Sire PDF# 
Non-AI son PDF# = -.015 - .002(BY-:5Y) + .191 Sire PDF#. 
for Sire PDF# significantly different across birth year (P<.05). 
"^Average PDF# of sons evaluated in each year. 
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of some bulls, especially for those bulls that have low EPT's. If PDM's 
of non-AI sons also were inaccurate PDF^'s of sons could be doubly 
biased. The covariance of the son and sire might be 
additionally reduced. In the prediction of son EDF^ regressed on sire 
PDF^ over all years, a smaller average regression weighting for sires of 
non-AI sons was obtained in contrast to that for sires of AI sons: .191 
vs. .332 (Table 58). 
Table 39 lists regression coefficients by birth year for dam CIM when 
used as a predictor for son EDM. The overall regression coefficient for 
dam cm was larger in the non-AI subset. An argument similar to that given 
for differences in sire EDM regression coefficients can be used to explain 
these differences. PDM's of sons may be biased due to non-random mates. 
Sons of particularly superior dams may have been bred to above average 
cows. Son ED, then, will be a measure of son's transmitting ability plus 
the superiority of their mates. The bias would be correlated with the CI of 
dams. 
The interaction of birth year and dam CIM was significant in the non-
AI group of sons. The range in regression coefficients for CIM of dams 
(Table 39), however, was actually larger in the AI subset. Less sampling 
variance was likely in the non-AI group of sons since a larger number of 
pedigrees were analyzed. 
Predictions of son EDF% utilizing CIF# of dams (Table 40) showed 
patterns similar to son EDP^ predicted by PDP$ of sires (Table 38). 
Regression coefficients were significantly different across years for both 
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Table 39. Regression coefficients (g) for predicting AI and non-AI son 
FDM from dam CIM within birth year of son 
AI Sons* Non-AI Sons* 
Birth 
Year Intercept ? Son PDM® No. of Sons Intercept |b,d 
Son 
EDM® 
No. of 
Sons 
I960 -171.3 .355 -•125 95 -230.3 .219 -199 325 
1961 -186.0 .420 -84 109 -285.6 .303 -238 400 
1962 -103.1 .232 -41 140 -282.7 .202 -252 525 
1963 -131.4 .406 28 128 -316.7 .228 -273 516 
1964 -33.6 .412 140 207 -335.2 .269 -282 558 
1965 80.0 .218 178 189 -339.4 .333 -285 1155 
1966 73.1 .356 218 197 -314.1 .261 -275 1216 
1967 60.5 .245 173 185 -300.2 .249 -258 1228 
1968 22.9 .477 264 186 -290.8 .299 -235 1377 
1969 218.9 .183 312 229 -240.8 .307 -187 1417 
1970 235.7 .274 377 274 -153.4 .269 -106 1434 
1971 220.1 .426 452 322 -81.5 .341 -20 1514 
1972 341.3 .323 526 372 32.2 .353 102 1599 
1973 459.9 .231 616 420 84.4 .346 162 1631 
1974 478.8 .283 687 485 106.1 .324 200 1476 
1975 580.4 .251 783 454 173.3 .329 282 1296 
1976 568.5 .278 825 498 249.2 .365 397 787 
1977 925.1 -.048 877 98 337.2 .358 491 85 
*R^=.266 for 4,585 AI sons ; E^=.257 for 18,539 non-AI sons. 
^Overall regression with birth year (BY) as covariate: 
AI son EDM = 239-4 + 48.7(BY-BY) + .292 Dam CIM 
Non-AI son = -116.0 + 43.9(BY-BY) + .320 Dam CIM. 
^Average EDM of sons evaluated in each year. 
for Dam CIM significantly different across birth year (P<.05). 
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Table 40. Regression coefficients (g) for predicting AI and non-AI son 
PDF% from dam GIF# within birth year of son 
AI Sons* Hon-AI Sons* 
Birth Son No. of _ Son No. of 
Year Intercept gb,c PDF#* Sons Intercept ° PDF%* Sons 
I960 -.016 .662 -.002 95 -.014 .213 -.011 325 
1961 -.012 .408 .000 109 -.013 .277 -.008 400 
1962 —. 006 .664 .012 140 -.011 .326 —.004 525 
1963 -.024 .604 —.008 128 —.007 .345 .000 516 
1964 -.035 .366 -.027 207 -.011 .298 -.005 558 
1965 -.029 .487 -.022 189 —.007 .278 -.003 1155 
1966 -.033 .597 -.021 197 -.008 .274 —.004 1216 
1967 -.020 .384 —.010 185 -.007 .231 -.005 1228 
1968 -.029 .493 —.026 186 —. 010 .270 -.007 1377 
1969 -.033 .369 -.032 229 —.016 .249 -.012 1417 
1970 -.040 .413 —. 040 274 -.019 .251 -.017 1434 
1971 -.041 .411 -.044 322 -.025 .266 -.023 1514 
1972 -.033 .372 -.035 372 -.029 .250 —.028 1599 
1973 -.031 .430 -.033 420 -.027 .204 -.025 1631 
1974 -.035 .339 -.036 485 -.028 .218 -.028 1476 
1975 -.032 .365 -.034 454 -.029 .221 —.028 1296 
1976 -.043 .270 -.045 498 -.035 .160 -.036 787 
1977 -.043 .100 -.043 98 -.019 .088 -.019 85 
*E^=.112 for 4,585 AI sons; R^=.121 for 18,559 non-AI sons. 
^Overall regression with birth year (BY) as covariate: 
AI son = -.030 - .001 (BY-^ + .591 Dam CIF^ 
Non-AI son EDF% = -.019 - .002(BY-"SY) + .245 Dam CIF^. 
for Dam CIF^ significantly different across birth year (P<.05). 
^Average of sons evaluated in each year. 
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groups. Additionally, the overall regression of son on dam for milk fat 
percent ("birth year as a covariate) yielded a larger regression coefficient 
in the AI son subset (.391). Regression coefficients in both subsets were 
less than expected. The expectation for the regression coefficient of dam 
CI, as for sire ED, was approximately .5. 
Fewer possible sources of bias in Gift's were expected in contrast to 
PDF^'s. As a result, regression coefficients for dam CIP% were not 
expected to be as greatly affected by inaccuracies as were regression 
coefficients for sire EDP$. As previously discussed, PDF^'s would be biased 
if PDF's were inaccurate. Due to the procedure used to calculate EDF's, 
it was possible that PDF's were biased. GIF*s and, consequently, CIF^'s 
were not likely to be biased to the same extent as EDF's and EDF^'s could 
be. GIF computation does not include (1-RPT) times Group Average as does 
the EOF formula. Group Averages were probable sources of error in PDF 
calculations. 
The approximate expectation of the regression coefficients for EDM and 
PDF% of MGS's when used to predict son EDM and son EDF% was .25 (Vinson and 
•White, 1982). Actual regression coefficients for son EDM regressed on MGS 
PDM (Table 41) varied from the expectation. Some coefficients were smaller 
than expected while some were larger than .25. A comparison of the overall 
regression coefficient for MGS PDM showed, as previously observed for sires 
PDM and dam GIM, that the prediction of PDM of non-AI sons resulted in a 
larger regression for MGS PDM than for AI-son EDM predictions (.288 vs. 
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Table 41 • Regression coefficients ( g) for predicting Al and non-Al son 
PDM from MGS PDM within birth year of son 
AI Sons* Non-AI Sons* 
Birth Son No. of Son No. of 
Year Intercept PDM° Sons Intercept gt PDM° Sons 
I960 -97.0 .292 -107 21 -251.6 .115 -255 71 
1961 -153.3 .928 -236 24 -309.7 .228 -335 107 
1962 -14.8 .367 -72 36 -253.8 .240 -303 171 
1963 39.4 .139 77 46 -249.5 .195 -266 221 
1964 31.4 .337 56 82 -250.1 .334 -274 313 
1965 79.6 .244 111 112 -244.3 .304 -274 738 
1966 204.4 .170 228 131 -242.5 .228 -264 923 
1967 142.4 .268 167 146 -245.6 .238 -269 1083 
1968 156.3 .473 271 161 -210.0 .288 -235 1267 
1969 266.9 .196 308 225 -164.9 .298 -184 1441 
1970 333.9 .128 375 317 -84.7 .276 -97 1564 
1971 373.7 .250 455 399 7.9 .298 -6 1851 
1972 436.9 .242 537 474 106.5 .292 113 2038 
1973 493.8 .216 611 539 136.4 .298 158 2098 
1974 512.1 .250 687 581 160.8 .279 212 1858 
1975 595.2 .242 785 566 220.6 .275 289 1595 
1976 618.0 .233 825 604 285.5 .291 394 955 
1977 832.4 .020 853 117 369.0 .256 495 106 
^^=.221 for 4,581 AI sons; R^=.292 for 18,400 non-AI sons. 
^Overall regression with birth year (BY) as covariate: 
AI son PDM = 302.9 + 48.9(BY-BY) + .239 MGB PDM 
Non-AI son PDM = -52.0 + 49.1(BY-BY) + .288 MGS PDM. 
^Average PDM of sons evaluated in each year. 
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.239). Considerably few pedigrees of sons born in the early 1960s were 
evaluated in this prediction equation. 
Pedigree evaluations for EDF% of sons yielded nonsignificantly 
different regression coefficients among birth years for prediction 
equations containing MGS PDP% as an independent variable (Table 42). This 
was in contrast to significant interactions for dam CIF^ and birth year of 
son and for sire PDF^ and birth year of son. The regression coefficients 
for MGS PDF$ generally were less than expected. Proposed biases in PDF% 
calculations could have a large effect on the ability to predict son EDP^ 
from MGS PDF%. The amount of variation in son PDF$ accounted for by MGS 
PDF^ and birth year, as a fixed effect, was 2.9^ and 6.3^ for AI and non-AI 
sons, respectively. 
For regressions of son PDM on MGD CIM, actual regression coefficients 
for CIM of MGED were extremely small (Table 43). In the AI son subset, 
regression estimates for MGD CIM were negative within several birth years. 
The overall regression coefficients for CIM of HGD did not vary greatly 
between the AI (.082) and non-AI (.094) subsets. In addition, the overall 
regression coefficients for MGD CIP% (.194 and .125) in AI son and non-AI 
son PDF^ predictions (Table 44) were larger than the MGD CIM regression 
coefficients that were in son PDM prediction equations. Generally, for son 
ETA predictions from the ETA of a given ancestor, regression coefficients 
for the ETA of milk were larger than those for ETA of milk fat percent. 
The more accurate prediction equations tended to be for son PDM. The 
2 largest regression coefficients and R 's were obtained when son EDM was 
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Table 42. Regression coefficients (g) for predicting AI and non-AI son 
PDP^ from HGS PDF^ within birth year of son 
AI Sons* Hon-AI Sons* 
Birth Son Ho. of Son Ko. of 
Year Intercept PDF%° Sons Intercept gb PDF2° Sons 
I960 -.008 .403 -.002 21 .010 .121 -.009 71 
1961 -.013 .216 -.012 24 .005 .056 .006 107 
1962 .004 .425 .009 36 .000 .153 .001 171 
1963 -.019 .074 -.017 46 .000 .095 .000 221 
1964 —.016 .068 -.014 82 -.005 .152 -.003 313 
1965 -.022 .028 -.022 112 —.004 .121 -.003 738 
1966 -.031 .083 -.031 131 —.004 .082 -.005 923 
1967 —.010 .118 —. 008 146 -.006 .108 -.008 1083 
1968 -.031 .340 -.033 161 -.009 .113 -.012 1267 
1969 -.035 .107 -.037 225 -.013 .104 -.018 1441 
1970 -.037 .136 -.040 317 -.018 .111 -.025 1564 
1971 -.038 .086 -.040 399 -.025 .118 -.030 1851 
1972 -.036 .124 -.039 474 -.030 .109 -.026 2038 
1973 -.030 .162 -.033 539 -.027 .073 -.027 2098 
1974 -.040 .066 -.041 581 -.027 .086 —.028 1858 
1975 -.034 .159 -.038 566 -.028 .100 -.034 1595 
1976 -.044 .069 -.045 604 -.033 .072 -.023 955 
1977 -.040 .071 -.041 117 -.022 .047 -.019 106 
®ll^=.029 for 4,581 AI sons; R^=.063 for 18,400 non-AI sons. 
^Overall regression with birth year (BY) as covariate: 
AI son EDF = -.030 - .002(BÏ-1Î) + .125 MGS PDF^ 
Non-AI son PDF = -.017 - .003(BÏ-BÎ) + .100 H6S PDP^. 
®Average PDF$ of sons evaluated in each year. 
Table 43* Regression coefficients (g) for predicting AI and non-AI son 
PDM from MG® CIM within birth year of son 
AI Sons* Non-AI Sons' a 
Birth Son No. of Son No. of 
Year Intercept gb,c PDM^ Sons Intercept PDM Sons 
I960 -59.7 .561 -25 34 -307.9 .169 -295 83 
1961 -1.2 .197 2 35 -239.2 .058 -237 156 
1962 121.4 -.123 95 51 -223.1 .071 -220 221 
1963 87.3 .333 -33 59 -266.7 .040 —264 273 
1964 123.2 .001 123 120 -264.9 .047 -262 297 
1965 128.9 .164 160 135 -286.7 .093 -281 698 
1966 261.7 .143 285 129 -260.0 .052 -257 846 
1967 147.3 .256 177 136 -260.7 .082 -256 924 
1968 218.9 .166 244 160 -234.2 .173 -222 1060 
1969 349.5 -.001 349 204 -187.6 .081 -183 1188 
1970 389.5 .188 418 259 -110.5 .120 -104 1264 
1971 440.8 .212 470 312 -6.7 .096 0 1409 
1972 527.2 .042 533 362 111.6 .093 116 1592 
1973 642.3 -.073 629 398 158.0 .112 163 1605 
1974 683.0 .105 701 436 213.4 .073 218 1427 
1975 798.2 -.018 795 416 277.8 .072 283 198 
1976 794.3 .067 811 442 381.0 .109 391 715 
1977 856.6 .006 858 83 482.0 .137 493 79 
^^=.185 for 3,781 AI sons; E^=.189 for 15,035 non-AI sons. 
^Overall regression with birth year (BY) as covariate; 
AI son EDM = 400.9 + 59.5(BY-5Y) + .082 MGD CIM 
Non-AI son PDM = -57.3 + 54.4(BY-Bï) + .094 MGD CIM. 
for MGD CIM significantly different across birth year (P<.05). 
^Average FDM of sons evaluated in each year. 
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Table 44. Regression coefficients (g) for predicting AI and non-AI son 
PDF^ from MOD GIF# within birth year of son 
AI Sons* Non-AI Sons* 
Birth Son No. of Son No. of 
Year Intercept PDF#° Sons Intercept PDF#° Sons 
I960 -.003 .925 .000 34 -.009 .200 -.006 83 
1961 .005 -.114 .002 35 .002 .258 .002 156 
1962 -.021 -.042 -.021 51 -.005 -.035 -.006 221 
1963 —.006 .023 .006 59 -.004 .146 -.002 273 
1964 -.029 -.172 -.030 120 -.010 .135 -.008 297 
1965 -.014 .321 —.010 135 -.005 .182 —.004 698 
1966 -.024 .374 -.021 129 -.004 .158 -.002 846 
1967 -.011 .297 -.007 136 -.007 .083 —.006 924 
1968 -.024 .070 -.024 160 —.010 .122 .009 1060 
1969 -.037 .201 -.035 204 -.014 .161 -.013 1188 
1970 -.047 .181 -.044 269 -.019 .134 -.018 1264 
1971 -.047 .406 -.044 312 -.024 .121 -.023 1409 
1972 -.038 .289 -.036 362 -.303 .106 -.029 1592 
1973 -.036 .184 -.034 398 -.027 .113 -.027 1605 
1974 -.041 .209 -.040 436 -.027 .137 -.027 1427 
1975 -.037 .129 -.037 416 -.029 .138 -.028 1198 
1976 -.041 .159 -.040 442 -.034 .072 -.033 715 
1977 -.045 .012 — .045 83 -.019 .072 — .018 79 
®R^ = .040 for 3,781 AI sons; R^ = .049 for 15,035 non-AI sons 
^Overall regression with birth year (BY) as covariate; 
AI son PDF# = -.051 - .002(BY-BY) + .194 MGD CIF% 
Non-AI son PDF# = -.017 - .002(BY-BY) + .125 MGD CIF%. 
^Average PDF# of sons evaluated in each year. 
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regressed on sire EDM. Predictions of son EDF$ were expected to have 
2 larger R *s than predictions for PDM of sons since fat percent has a 
larger heritability than does milk yield. Possible biases in PDF^ may have 
substantially reduced the accuracy of prediction of son PDP^. 
The intercepts in son EDM prediction equations consistently increased 
in the AI and non-AI subsets. In predictions of PDP^ of sons, the 
intercepts gradually declined. In each of the prediction equations, only 
one ancestor ETA was used to predict the PD's of sons. If the genetic 
merit of the other ancestors that were excluded from the model had not 
changed across years, the intercepts would have been expected to remain 
unchanged. As discussed in previous sections, however, the ETA's of all 
ancestors did change, especially after ED*s and CI's were introduced. In 
addition, the other ancestors contributed to the genetic merit of the son 
even though they were not included in the prediction equations. 
Consequently, the intercepts changed across years to account for the trend 
in ETA'S of ancestors not contained in each of the prediction equations. 
Prediction of Son ED from Combinations of Ancestor ETA*s 
Table 45 contains the partial regression coefficients for the 
predictions of PDM's of AI sons when ancestor ETA's for milk were the 
independent variables. Birth year was included as a covariate (Equation 
[24]) because its effect was expected to be fairly linear. Birth year was 
included as a fixed effect in previous evaluations primarily to obtain 
within-birth-year regression coefficients. Regression coefficients for 
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Table 45. Prediction equations for EDM of AI sons with birth year (BY) as a 
covariate® 
Partial regression coefficient of; • 
Intercept BY-BY Sire PDM Dam CIM MGS PDM PIM^ PIM® 
138.94 21.28 . 
(3.13)* 
.419 
(.018) 
.272 
-1.73 7.14 
(3.22) 
.418 
(.017) 
.272 
(.020) 
.310 
75.18 7.67 
(3.23) 
.401 
(.017) 
.212 
(.016) 
.307 
3.80 3.30 
(3.25) 
.408 
(.017) 
.186 
(.024) 
.130 
(.019) 
.319 
-6.91 9.49 
(3.20) 
.711 
(.026) 
.304 
75.07 7.73 
(3.23) 
.814 
(.030) 
.307 
^Subset of 3»350 complete 3-member pedigrees. 
^PIM^ = 1/2 sire EDM + 1/2 dam CIM. 
°PIMg = 1/2 sire EDM + 1/4 MGS PDM. 
'^Standard errors in parentheses. 
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sire EDM were less than expected in all equations. The regression 
coefficients for sire EDM were essentially the same magnitude in all 
prediction equations (.401 to .419). In the prediction equation containing 
sire EDM and dam CIH, the relative contribution of sire and dam were 
expected to he equal. The regression coefficient for dam CIH, however, was 
about 35^ less than the regression coefficients for sire EDM. When sire, 
dam and HGS information was used to predict son EDM, the regression 
coefficient for CIH of dams was even smaller. In that same equation, 
however, the contribution of MGS EDM was expected to be zero. HGS EDM 
already had been accounted for in the CI of the dam. 
Using pedigrees of bulls from Midwest Breeders Cooperative, Van Eaden 
and Freeman obtained smaller regression coefficients for dam CIH as a 
larger number of her production records was used in CIH computation (Van 
Raden, E. H., and A. E. Freeman, Department of Animal Science, Iowa State 
University, Ames, Eersonal communication). CIM's of dams in this study 
possibly could have been computed using several lactation records of the 
dams. The usefulness of dam CIH would be diminished and HGS EDM would 
contribute to the predictive value of the multiple regression equation 
containing ETA's of sire, dam, and HGS. 
MGS EDM, when used alone or in combination with sire EDM, was expected 
to have a regression coefficient of approximately .25 in predictions of son 
EDM. The coefficient of .212 for HGS EDM (Table 45) was less than the 
theoretical value but was about 1/2 the empirical weight for sire EDM in 
the same equation. 
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PIMg was 1/2 sire PDM plus 1/4 MGS PDH. The regression of EDM of 
AI sons on PIMg yielded a regression coefficient of .814 which was 
expected considering the results of the equation containing sire and HGS as 
separate variables (Table 45)» The R^'s of these two equations were 
equal (.307). The accuracy of PIM^ (l/2 sire EDM + 1/2 dam CIM) as a 
predictor of EDM of AI sons was slightly less than that for the prediction 
equation containing EDM of sire and CIM of dam (.304 versus .310). The 
theoretically determined index containing sire and dam information 
misweighted sire EDM and dam CIM. 
As expected, the addition of information to prediction equations 
2 2 
resulted in larger E . The increase in R was 3 to 4% when more 
pedigree information was added to the sire + dam equation and the sire + 
MGS prediction of son ED. These two equations were compared to the sire + 
dam + MGS prediction model. 
The amount of variation in son EDM accounted for by the prediction 
models was greater for non-AI sons (Table 46) versus AI sons. R^'s in 
2 the non-AI subset were .551 to .644 while R values ranged from .272 
to .319 in the AI subset. As previously discussed, it is possible that 
the covariance between son ED and ancestors' ETA measured more than the 
genetic covariance. ED's of non-AI sons may have been biased (i.e., non-
random mates or environmental confounding). The bias then could have been 
2 
correlated with the ancestor ETA. larger R s and regression 
coefficients in the non-AI subset also could have been functions of the 
differences between the variation in parents of the non-AI and AI sons. 
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Table 46. Prediction equations for PDH of non-AI son with birth year (BY) 
as a eovariate* 
Partial regression coefficient oft 
Intercept BY-BY Sire EDM Dam CIH MGS PDM PIM^ PIM® 
-148.60 10.72 
(0.95)* 
.480 
(.005) 
.551 
-199.90 5.99 
(0.89) 
.469 
(.004) 
.285 
(.006) 
.611 
-144.85 4.51 
(0.87) 
.459 
(.004) 
.259 
(.005) 
.628 
-167.48 4.10 
(0.86) 
.460 
(.004) 
.121 
(.008) 
.178 
(.006) 
.633 
-212.85 9.59 
(0.89) 
.820 
(.007) 
.595 
-145.49 4.41 
(0.87) 
.926 
(.007) 
.628 
^Subset of 15»403 complete 5-member pedigrees. 
^PIM^ = 1/2 sire PDH + 1/2 dam CIH. 
^PIMg = 1/2 sire PDM + 1/4 MGS PDM. 
^Standard errors in parentheses. 
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2 
The R values for PDM prediction of AI sons were slightly larger 
than similar values obtained by several other researchers (Rothschild et 
al., 1981; and Vinson and Wiite, 1982). They did not include birth year 
in their models which could partially explain the differences in accuracy 
2 
of prediction. E values for EDM prediction of non-AI sons in this 
study, however, were extremely large. The work of Rothschild et al., 
(1981 ) dealt mainly with AI bulls, and would not be comparable to 
evaluations of non-AI bulls. Vinson and White (1982) evaluated pedigrees 
2 
of AI and non-AI bulls. They also obtained larger R values when 
2 
predicting PDM of non-AI sons. The differences between R 's of their 
work and of this study may be a function of the genetic variation of 
animals in the two data sets as well as the inclusive of birth year as an 
independent variable in this study. The data set of non-AI sons in the 
study of Vinson and White (1982) was somewhat smaller than the non-AI data 
set in this study. 
Sire PDM and MGS PDM more accurately predicted PDM of non-AI sons 
(Table 46) than did sire PDM and dam CIM (R^=.628 vs. .611). Squared 
correlations for these two equations in the Al-son subset varied by only 
1$. Another difference between the AI and non-AI subsets was the relative 
importance of dam CIM in combination with sire PDM and MGS PDM in 
predictions of son PDM. In this 3-pedigree-member equation, the 
regression coefficient for dam CIM was smaller in non-AI son PDM 
prediction in contrast to the same prediction equation for PDM of AI sons. 
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Table 47. Prediction equations for PDF^ of AI sons with birth year (BY) 
as a covariate® 
Partial regression coefficient of; 
Intercept BY-BÎ Sire PDF# Sam CTE% HGS PDF# PIF$t PIF$c 
-.024 -.001 ^ 
(.001)* 
.317 
(.015) 
.127 
—.026 .001 
(.001) 
.342 
(.014) 
.415 
(.019) 
.233 
-.022 .000 
(.001) 
.328 
(.014) 
.163 
(.016) 
.153 
-.028 .001 
(.001) 
.341 
(.014) 
.507 
(.026) 
-.109 
(.021) 
.239 
-.025 .001 
(.001) 
.737 
(.024) 
.231 
-.022 .000 
(.001) 
.662 
(.027) 
.153 
^Subset of 3»350 complete 3-member pedigrees. 
^PI?%^ = 1/2 sire PDF^ + 1/2 dam CIF%. 
®PIF^2 = 1/2 sire PDF$ + 1/4 MGS PDF%. 
'^Standard errors in parentheses. 
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Table 47 contains the various prediction equations for EDP% of AI 
sons. In contrast to the predictions of PDM's of AI sons, the regression 
coefficients for ancestor ETA*s and the R^'s generally were smaller 
for PDF^ predictions. The coefficients for dam Q,TB% were larger than 
regression coefficients for sire EDF^. The coefficients for dam CIM were 
smaller than regression coefficients for sire EDM. 
The R^ value increased considerably (85^) when dam CIP^ was added 
to the prediction equation containing sire PDF% (Table 47). The R^ for 
the prediction equation of sire EDF^ and MGS PDF^ was only 20% greater than 
the for H)F$ of AI sons regressed on sire EDF$ only. The combination 
of dam GIF# and sire EDF% was more useful than sire EDF^ and MGS PDF% in son 
PDF^ predictions. 
Patterns observed in PDP% predictions of AI sons were similar to 
results from prediction equations for non-AI sons (Table 48). The 
regression coefficients, however, were slightly smaller for PDF# 
predictions of non-AI sons. Regression weights for PIM^j and PIMg 
were less than half of the expected value of 1.0. These small weights were 
attributed to the apparent misweighting of pedigree information in the 
theoretically determined indexes. The amount of variation in son PDF# 
accounted for by the models was approximately the same between the two 
subsets. 
Overall, the prediction of son PDM was more accurate for non-AI sons 
in contrast to AI sons. Son PDF^ predictions, however, yielded larger 
regression coefficients for ETA*s of ancestors of AI sons. 
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Table 48. Prediction equations for EDF% of non-AI sons with birth year (BY) 
as a covariate* 
Partial regression coefficient of; 
Intercept BY-S7 Sire PDF# Dam QTS% MGS PDF# PIF#^ PIF#2 
-.015 -.002 , 
(.001)* 
.180 
(.005) 
.125 
-.017 -.002 
(.001) 
.180 
(.004) 
.236 
(.006) 
.210 
—.016 -.002 
(.001) 
.180 
(.005) 
.102 
(.005) 
.153 
-.017 -.002 
(.001) 
.180 
(.004) 
.504 
(.009) (.007) 
.216 
-.017 —.002 
(.001) 
.402 
(.007) 
.207 
1 2
 
-.002 
(.001) 
.574 
(.008) 
.153 
^Subset of 15,403 complete 5-member pedigrees. 
= 1/2 sire PDF^ + 1/2 dam CIF%. 
°PIF?2 = 1/2 sire PDF$ + 1/4 MGS PDF^. 
'^Standard errors in parentheses. 
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Table 49* Prediction equations for EDM of AI sons with birth year (BY) 
as a covariate® 
Partial regression coefficient of; 
Intercept BY-BÎ Sire PDM Dam CIH MGS PDM MOD CIM 
150.74 19.88 . 
(3.87)^ 
.423 
(.021) 
.258 
7.27 5.47 
(3.97) 
.424 
(.020) 
.275 
(.024) 
.296 
87.85 4.36 
(4.02) 
.406 
(.020) 
.218 
(.019) 
.294 
14.44 .42 
(4.03) 
.413 
(.020) 
.186 
(.028) 
.137 
(.023) 
.307 
15.04 .42 
(4.03) 
.413 
(.020) 
.181 
(.031) 
.139 
(.023) 
.010 
(.024) 
.307 
^Subset of 2,455 complete 4-member pedigrees. 
^Standard errors in parentheses. 
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Table 50. Prediction equations for WF% of AI sons with birth year (BY) as 
a covariate® 
Partial regression coefficient oft 
Intercept BY-BY Sire PDF# Dam CIP% MGS PDF# MGD CIS% 
-.024 .000 . 
(.001)^ 
.304 
(.017) 
.118 
-.027 .001 
(.001) 
.334 
(.016) 
.430 
(.023) 
.232 
-.023 .000 
(.001) 
.315 
(.017) 
.168 
(.019) 
.144 
-.029 .001 
(.001) 
.333 
(.016) 
.528 
(.030) 
-.121 
(.025) 
.239 
-.029 .001 
(.001) 
.332 
(.016) 
.546 
(.037) 
-.132 
(.028) 
—.026 
(.030) 
.240 
^Subset of 2,455 complete 4-member pedigrees. 
^Standard errors in parentheses. 
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The contribution of HGED CI to prediction epilations already containing 
sire, dam, and HGS ETA's was very small (Tables 49 and 50). Since MOD CI 
was already accounted for in CI of the dam, the regression coefficient for 
MGD CI in predictions of son ED was expected to be 0. Not only were the 
2 
regression coefficients for MGD CI small, the increase in R over the 
prediction equation containing sire, dam and HGS information was minimal 
(less than .5%). Partial regression coefficients of sire ED, dam CI and 
MG8 PD were in close agreement to those obtained in regression analyses of 
the 3-member pedigrees of AI sons. MG® contribution was not studied in the 
non-AI subset. 
Means of the ED*s of sous and ETA's of the ancestors in the pedigrees 
used for son ED predictions are in Table 37. Averages within each of the 
three subsets studied (AI: 3-member pedigree, AI; 4-member pedigree, and 
non-AI) are included. The parents of AI sons represented a highly selected 
group of individuals, as indicated by average ETA's of sires and dams. 
Averages of PD's of sires and CI*s of dams were considerably smaller for 
non-AI sons. 
Repeatabilities of the ancestor ETA*s of AI sons were larger than for 
the non-AI son subset. The average EPT of PD's of Al-sons was larger than 
the reliability of PD's of non-AI sons. The relatively small average 
repeatability of ED*s of non-AI sons might suggest that their ED*s were 
more likely to be biased. Proofs computed from a small number of daughters 
in a limited number of herds have a greater probability of being 
inaccurate. Consequently, differences in accuracies of proofs of AI sons 
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and non-ÂI sons could exist, and would be partially responsible for the 
differences in regression coefficients across data sets. 
AI organizations and dairy producers would benefit greatly by 
selecting young bulls for progeny testing on the basis of sire EDM and dam 
cm or sire EDM and MGS EDM. Small increases in accuracy are possible when 
sire EDM, dam CIM and MGS EDM are all included in prediction equations for 
son EDM. MGED information adds virtually nothing to the accuracy of the 
prediction equation. Consequently, it is recommended that MOD information 
not be considered, except as it is included in the CI of dams when 
selecting young bulls for progeny testing. 
Sire EDF^, dam CIF%, and MGS EDP^ were most useful in predictions of 
son EDF$. Sire EDF^ and dam CI?% also could be used with little loss in 
accuracy. Erediction of EDP^ of sons from sire EDP% and MGS FDF%, only, 
should be avoided if dam CIF^ is available. 
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SUMMARY AND CONCLUSIONS 
Average estimated transmitting abilities (ETA) of sires, dams, 
maternal grandsires (MGS) and maternal granddams (MOD) of males and females 
bom in I960 through 1979 showed little change in genetic merit of 
ancestors before 1968. All ETA's were computed to a common, constant base. 
The introduction of Predicted Differences (PD) and Cow Indexes (Cl) in 1967 
contributed substantially to the increase, in ETA's for milk yield of sires, 
dams, and MGS's, especially. A time lag existed between the first observed 
change in PD's of sires (1968) and the change in CI*s of dams (1971). In 
addition, the trend in PD's of sires was not equal to the trend in CI's of 
dams. The smaller rate of increase for CIM's of dams could be due to a 
somewhat nonlinear genetic change in sires. Selection goals of dairymen 
often changed, resulting in a nonlinear trend in ETA's of sires. During 
1968 to 1979, estimated annual trends in PD's of sires of male and female 
progeny were 109.7 lb milk, 3.16 lb milk fat, and -.0054 milk fat percent; 
and 84.9 lb milk, 2.42 lb milk fat, and -.0044 milk fat percent, 
respectively. Average CI's of dams of male offspring changed by +42.5 lb 
milk, +1.22 lb milk fat and -.0022 milk fat percent per year during 1971 
to 1979. Corresponding values for female offspring were +55.6 lb milk, 
+.89 lb milk fat, and -.0028 milk fat percent. 
Annual genetic change (g) for the male and female population was 
estimated by two methods. One group of g's were obtained when the 
annual trends for PD's of sires and CI's of dams were added together. The 
g's from this procedure were 120.5 lb milk, 5*31 lb milk fat, and -.0072 
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milk fat percent from 1971 to 1979 in the female population. Annual 
genetic changes for the male population were 152.2 lb milk, 4.38 lb milk 
fat and -.0076 milk fat percent for the period of 1971 through 1979. These 
estimates of g were felt to be most representative of annual genetic change 
in the male and female populations of this study. Slightly larger values 
were obtained for the male population when g was estimated from trends in 
the ETA'S of the males themselves. Before the introduction of accurate cow 
and bull evaluations, annual genetic change was essentially zero for all 
three production traits. More rapid genetic change in milk production of 
registered Holstein cattle was possible in all years. Since the major 
income of dairy farms is from the sale of milk, it would benefit dairy 
producers to increase their selection intensity for milk yield. 
Pedigrees of artificial insemination (ÂI) and non-ÂI bulls were 
compared. Genetic merit of the parents of AI bulls was clearly supeirior to 
that of non-AI bulls, especially in the last ten years of the study. Larger 
selection intensities for the parents of non-AI bulls were possible. Even 
thou^ the changes in ED's of sires and CI's of dams of non-AI bulls were 
larger than genetic trend in the parents of AI bulls during the last ten 
years, the genetic merit of sires and dams of AI bulls continued to be 
superior. 
AI organizations continually raised their standards of selection for 
milk production when choosing young bulls to enter progeny-test programs. 
Average EDM of sires of progeny-test bulls bom in I960 was -223 lb and 
the average CIM of dams of the same progeny-test bulls was 156 lb. In 
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1979, the ETA'S for milk of sires and dams averaged 1460 lb and 1181 lb, 
respectively. The genetic merit for milk fat percent of the parents 
declined due to selection for milk and the negative genetic correlation 
between milk and milk fat percent. The progeny-test bulls that were 
returned to active AI, on the average, were of parents that had larger 
genetic merit for milk yield than parents of all progeny-test bulls. AI 
organizations should continue to improve their selection standards in order 
to sample the best bulls available. 
Bulls that were initially proven by dairy breeders and entered AI 
organizations based on their first proofs were approximately genetically 
equal to AI progeny-tested bulls returned to active AI service. An 
exception was that Al-proven bulls had slightly larger average EDF^'s than 
did breeder-proven bulls. Approximately forty breeder-proven bulls bom in 
each birth year of the study entered AI organizations. AI organizations 
are expected to continue to incorporate breeder-proven bulls into their 
programs. 
The effectiveness of using pedigree information to predict sons' 
eventual ED's was examined. ETA's of sires, dams, MGS's and MGD's were 
each used singly in prediction equations which also contained birth year of 
the offspring as a fixed effect. Analyses yielded within birth-year 
regression coefficients for each of the ancestor ETA's. Significant 
differences, generally, existed among birth years for ETA's of milk fat 
percent. These results may be partially explained by differences in 
selection pressure placed on milk fat percent across years. Regression 
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coefficients are not affected by truncation selection but could be biased 
if other forms of selection occurred. Selection goals for milk production 
tended to be similar across years as did the regression coefficients for 
ETA'S of ancestors. 
The prediction equation containing sire PDM, dam CIH, and MGS PDM was 
a relatively accurate model for predicting PDM of sons. The increase in 
2 
accuracy was minimal when MGD CIU also was included. B values for 
2 predictions of PDM of non-AI sons were larger than corresponding R 's 
for AI sons. The differences in variation among parents of AI and non-AI 
bulls may have contributed to the different R 's. 
PDM's of sons were predicted with approximately equal accuracy whether 
sire PDM and dam CIM or sire PDM and MGS PDM were used. In contrast, when 
predicting son PDP$, the R for the prediction equation containing sire 
PDF^ and MGS PDF^ was considerably smaller than the R^ for the equation 
including sire PDF^ and dam CIF^. Equations containing sire, dam and MGS 
information or sire and dam information are recommended in predictions of 
son PDF^. 
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Table 51• Means and standard deviations (SD) of repeatability of 
PDM and PDF for sires of registered Holstein cattle 
(by birth year and by sex of offspring). 
Males Females 
Birth Mean SD Mean SD 
Year 
I960 88 20 91 17 
1961 89 19 91 17 
1962 89 19 91 18 
1963 89 20 91 18 
1964 89 20 90 19 
1965 89 20 91 19 
1966 90 19 91 19 
1967 90 19 90 21 
1968 90 20 89 22 
1969 90 20 88 25 
1970 90 20 88 25 
1971 91 20 88 24 
1972 91 19 88 24 
1975 92 18 88 24 
1974 92 18 87 24 
1975 92 18 86 24 
1976 92 18 86 24 
1977 95 17 87 24 
1978 95 16 88 25 
1979 94 14 91 19 
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Table 52. Means and standard deviations (SD) of repeatability 
of PDT for sires of registered Holstein cattle 
(by birth year and by sex of offspring). 
Males Females 
Birth 
Year 
Meain SD Mean SD 
1960 82 23 85 21 
1961 83 22 86 20 
1962 85 21 87 20 
1963 86 21 88 19 
1964 86 21 88 19 
1965 87 20 89 19 
1966 89 19 89 18 
1967 89 19 90 18 
1968 90 18 90 18 
1969 91 17 90 18 
1970 92 17 91 18 
1971 92 17 90 19 
1972 93 16 90 19 
1973 93 16 90 19 
1974 93 15 89 19 
1975 93 15 89 20 
1976 93 15 89 20 
1977 94 14 90 19 
1978 94 13 91 17 
1979 94 12 91 15 
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Table 53• Means and standard deviations (SB) of repeatability 
of CIM and GIF for dams of registered Holstein cattle 
(by birth year and by sex of offspring). 
Males Females 
Birth 
Year 
Mean SB Mean SD 
1960 34 8 34 8 
1961 35 7 35 7 
1962 36 7 36 7 
1963 38 7 37 7 
1964 39 6 38 7 
1965 40 6 39 7 
1966 40 6 40 7 
1967 41 6 40 7 
1968 41 6 40 6 
1969 42 6 41 7 
1970 42 6 41 7 
1971 43 6 41 7 
1972 44 6 42 7 
1973 44 7 42 7 
1974 45 7 43 a 
1975 46 6 44 7 
1976 47 6 44 7 
1977 47 6 45 7 
1978 47 6 45 7 
1979 47 6 46 6 
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Table 54. Means and standard deviations (SD) of repeatability 
of CIK and GIF for maternal granddams of registered 
Holstein cattle (by birth year and by sex of off­
spring) . 
Males Females 
Birth Mean SD Mean SD 
Year 
1960 51 8 52 8 
1961 51 8 52 8 
1962 52 8 55 8 
1963 55 8 54 8 
1964 54 8 55 8 
1965 55 8 56 7 
1966 56 7 57 7 
1967 57 7 57 7 
1968 58 7 58 7 
1969 59 7 59 7 
1970 59 7 40 7 
1971 40 7 40 6 
1972 41 7 41 6 
1975 41 6 41 6 
1974 42 7 41 7 
1975 42 7 42 7 
1976 45 7 42 7 
1977 45 7 45 7 
1978 44 7 44 7 
1979 45 7 44 7 
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Table 55. Means and standard deviations (SD) of PDM for maternal 
grandsires of registered Holstein cattle (by birth 
year and by sex of offspring). 
Males Females 
Birth 
Year 
Mean (SD) Number* Mean (SD) Number* 
1960 -125(462) lb 2014 -156(418) lb 2128 
1961 -165(458) 3259 -155(458) 4045 
1962 -145(471) 4484 -150(452) 5826 
1965 -128(473) 5918 -122(460) 8560 
1964 -118(486) 7590 -122(480) 10621 
1965 -128(496) 8814 -108(495) 12702 
1966 -121 (506) 11047 -108(507) 14850 
1967 -111(516) 12681 -105(526) 16608 
1968 -108(523) 15547 -78(554) 18122 
1969 -97(556) 14920 -56(546) 19514 
1970 -87(547) 16987 -45(556) 20424 
1971 -59(569) 17992 -20(564) 21655 
1972 -20(588) 20001 10(578) 22488 
1975 40(621) 21416 61(591 ) 22920 
1974 102(642) 19425 108(606) 25544 
1975 194(655) 18541 181 (614) 25859 
1976 277(671) 21957 241(616) 24865 
1977 345(675) 24185 299(615) 25659 
1978 425(675) 26125 590(654) 26079 
1979 554(686) 29755 473(652) 27792 
dumber of offspring which have a MGS PDM. 
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Table 56. Means and standard deviations (SD) of PDF for maternal 
grandsires of registered Holstein cattle (by birth 
year and by sex of offspring). 
Males Females 
Birth 
Year 
Mean (SD) Number* Mean (SD) Number® 
1960 -3(17) lb 2014 -1(16) lb 2128 
1961 -4(17) 3239 -2(17) 4045 
1962 -4(17) 4484 -2(17) 5826 
1963 -3(17) 5918 -2(17) 8560 
1964 -4(18) 7590 -3(18) 10621 
1965 -4(18) 8814 -4(18) 12702 
1966 -4(19) 11047 -3(18) 14850 
1967 -4(19) 12681 -5(19) 16608 
1968 -3(19) 13547 -2(19) 18122 
1969 -3(19) 14920 -2(20) 19514 
1970 -2(20) 16987 -1(20) 20424 
1971 -2(21) 17992 -1(20) 21655 
1972 -1 (22) 20001 0(21) 22488 
1975 2(23) 21416 1(22) 22920 
1974 3(24) 19425 2(22) 25544 
1975 6(25) 18541 4(23) 25859 
1976 8(25) 21937 6(25) 24865 
1977 10(25) 24185 7(25) 25659 
1978 12(25) 26123 9(25) 26079 
1979 16(25) 29755 12(23) 27792 
^Number of offspring which have a MGS PDF. 
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Table 57. Means and standard deviations (SD) of PDF^ for maternal 
grandsires of registered Holstein cattle (ly birth 
year and by sex of offspring). 
Birth 
Year 
Males Females 
Mean (SD) Number* Mean (SD) Number* 
1960 .012 .098) 2014 .029 .097) 2128 
1961 .018 .096) 3239 .024 .098) 4045 
1962 .011 .096) 4484 .024 .099) 5826 
1963 .011 .096) 5918 .016 .098) 8360 
1964 .007 .098) 7590 .014 .100) 10621 
1965 .008 .101) 8814 .010 .102) 12702 
1966 .005 .102) 11047 .007 .103) 14830 
1967 .004 .103) 12681 .007 .105) 16608 
1968 .005 .104) 13547 .004 .103) 18122 
1969 .003 .105) 14920 .003 .104) 19314 
1970 .006 .107) 16987 .003 .106) 20424 
1971 .005 .108) 17992 .003 .108) 21635 
1972 .002 .106) 20001 -.000 .106) 22488 
1975 .002 .107) 21416 -.007 .105) 22920 
1974 —.002 .104) 19425 -.011 .105) 23344 
1975 -.006 .103) 18541 -.015 .105) 23839 
1976 —. 010 .103) 21937 —.020 .108) 24863 
1977 -.014 .106) 24185 -.024 .113) 25639 
1978 -.019 .108) 26123 -.030 .116) 26079 
1979 -.025 .108) 29755 -.034 .116) 27792 
^Number of offspring which have a MGS PDF$. 
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Table 58. Means and standard deviations (SD) of repeatability 
of EDM and PDF for maternal grandsires of registered 
Holstein cattle (by birth year and by sex of off­
spring) . 
Ilales Females 
Birth 
Year Mean SD Mean SD 
I960 90 17 % 90 18 % 
1961 88 19 89 19 
1962 87 20 89 19 
1963 87 20 90 18 
1964 87 20 90 18 
1965 88 20 91 18 
1966 88 20 91 18 
1967 88 20 91 19 
1968 89 20 91 19 
1969 89 20 91 19 
1970 89 20 90 20 
1971 89 20 90 21 
1972 89 21 89 21 
1973 89 20 89 22 
1974 90 21 89 23. 
1975 90 20 89 23 
1976 90 21 88 23 
1977 90 21 88 23 
1978 90 21 88 23 
1979 90 20 88 23 
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Table 59« Means and standard deviations (SS) of CIH for maternal 
granddams of registered Holstein cattle (by birth 
year and by sex of offspring). 
Males Females 
Birth 
Year 
Hean (SD) Number^ Mean (SB) Number* 
1960 38(547) lb 3545 39(316) lb 3566 
1961 34(549) 4450 31(318) 5120 
1962 29(346) 5067 25(515) 6584 
1965 29(552) 6165 16(519) 8257 
1964 30(555) 7441 11(524) 9756 
1965 24(356) 8129 2(525) 11118 
1966 23(557) 9677 1(555) 12200 
1967 23(561) 10754 -4(537) 12956 
1968 25(562) 11228 -1 (341 ) 15705 
1969 19(575) 11685 -7(546) 14511 
1970 16(574) 13150 -12(555) 14767 
1971 13(582) 13583 -10(562) 15464 
1972 8(386) 14917 -9(569) 15729 
1973 14(595) 15615 -11(567) 15621 
1974 20(592) 15892 -5(573) 15746 
1975 54(415) 13154 10(380) 15738 
1976 40(419) 15302 24(392) 16292 
1977 58(454) 17054 47(401) 17074 
1978 92(448) 18464 78(414) 17632 
1979 138(466) 21515 116(428) 19084 
dumber of offspring which have a MSD CIH. 
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Table 60. Means and standard deviations (SD) of CIF for maternal 
granddams of registered Holstein cattle (by birth 
year and by sex of offspring). 
Males Females 
Birth 
Year 
Mean (SD) Number* Mean (SD) Number* 
I960 2(13) lb 3343 1(12) lb 3566 
1961 2(13) 4430 1(12) 5120 
1962 2(13) 5067 1(12) 6584 
1965 2(13) 6165 1(12) 8257 
1964 2(13) 7441 1(12) 9756 
1965 2(14) 8129 0(12) 11118 
1966 2(13) 9677 0(12) 12200 
1967 1(14) 10754 0(12) 12956 
1968 2(14) 11228 1(12) 13703 
1969 1(14) 11685 0(12) 14311 
1970 1(14) 13150 0(13) 14767 
1971 1(14) 13583 -0(13) 15464 
1972 1(14) 14917 -0(13) 15729 
1973 1(14) 15615 -0(13) 15621 
1974 1(15) 13892 0(14) 15746 
1975 2(15) 13154 0(14) 15738 
1976 2(16) 15302 1(15) 16292 
1977 2(16) 17054 1(15) 17074 
1978 3(17) 18464 2(15) 17632 
1979 5(17) 21515 3(16) 19084 
^Number of offspring which have a MGD CIF. 
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Table 61. Means and standard deviations (SD) of CIF$ for maternal 
granddams of registered Holstein cattle (by birth 
year and by sex of offspring). 
Males Females 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number® 
I960 .004(.051) 5543 -.002(.047) 5566 
1961 .005(.051) 4450 -.001(.049) 5120 
1962 .004(.052) 5067 .001(.050) 6584 
1965 .004(.052) 6165 .001(.050) 8257 
1964 .004(.055) 7441 .002(.051) 9756 
1965 .005(.055) 8129 .005(.055) 11118 
1966 .006(.055) 9677 .005(.054) 12200 
1967 .005(.057) 10754 .004(.055) 12956 
1968 .007(.059) 11228 .004(.057) 15705 
1969 .006(.059) 11685 .004(.059) 14511 
1970 .005(.061) 15150 .004(.060) 14767 
1971 .003(.062) 15585 .005(.061) 15464 
1972 .004(.064) 14917 .002(.065) 15729 
1973 .005(.066) 15615 .005(.064) 15621 
1974 .004(.068) 15892 .002(.065) 15746 
1975 .004(.071) 15154 .001(.067) 15758 
1976 .004(.071) 15502 .001(.069) 16292 
1977 .005(.075) 17054 -.002(.069) 17074 
1978 .001(.074) 18464 -.004(.072) 17632 
1979 -.001(.076) 21515 -.008(.074) 19084 
^number of offspring which have a MGED CIF$. 
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Table 62. Means and standard deviations (SD) of EDT for maternal 
grandsires of registered Holstein cattle (iqr birth 
year and by sex of offspring). 
Birth 
Year 
Males Females 
Mean (SD) Number* Mean (SD) Number* 
1960 .088(.710) 15720 —.048 .729) 15400 
1961 .126(.747) 14254 -.015 .765) 15090 
1962 .191(.771) 15821 .051 .795) 15614 
1965 .247(.800) 15800 .092 .824) 16798 
1964 .2940827) 14514 .147 .844) 17245 
1965 .569(.848) 15955 .190 .869) 17940 
1966 .400(.872) 15555 .194 .879) 18687 
1967 .414(.877) 15860 .175 .885) 19262 
1968 .458(.884) 15761 .182 .896) 19748 
1969 .469(.892) 16247 .209 .920) 20507 
1970 .481(.907) 17854 .229 .927) 20716 
1971 .514(.898) 18565 .255 .941) 21281 
1972 .555(.908) 19965 .297 .956) 21626 
1975 .556(.910) 21048 .281 .975) 21860 
1974 •597(.900) 18946 .288 .976) 22011 
1975 .641(.897) 18010 .278 .985) 22469 
1976 .661(.911) 21154 .269 .989) 25516 
1977 .654(.955) 25298 .278 1.005) 24027 
1978 .675(.944) 25149 .261 1.051) 24458 
1979 .687(.975) 28651 .248 1.055) 26025 
^Number of offspring which have a MGS PDT. 
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Table 63. Means and standard deviations (SO) of repeatability 
of PDT for maternal grandsires of registered 
Holstein cattle (by birth year and by sex of off­
spring) . 
Males females 
Birth Mean (SD) Mean (SD) 
Year 
1960 71 25 % 77 23 % 
1961 73 25 78 23 
1962 75 24 80 23 
1963 77 24 82 22 
1964 79 24 83 22 
1965 81 23 84 21 
1966 82 23 86 21 
1967 84 22 87 20 
1968 85 22 88 19 
1969 86 21 88 19 
1970 87 20 89 19 
1971 88 20 89 19 
1972 89 20 90 18 
1973 90 19 90 19 
1974 90 19 90 18 
1975 90 18 90 19 
1976 91 18 90 19 
1977 91 18 90 19 
1978 91 18 90 19 
1979 91 18 90 19 
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Table 64. Means and standard deviations (SD) of repeatability 
for FDM and FDF of registered Holstein bulls bom in 
i960 through 1977®. 
Birth 
Year 
Mean (SD) Number^ 
I960 49(21) % 956 
1961 49(21) 937 
1962 47(22) 1123 
1965 47(22) 1033 
1964 49(22) 1146 
1965 39(21) 1953 
1966 38(21) 2028 
1967 38(20) 1996 
1968 37(20) 2140 
1969 38(21) 2268 
1970 39(21) 2441 
1971 39(21) 2725 
1972 38(20) 2911 
1973 37(19) 2985 
1974 37(19) 2683 
1975 37(19) 2340 
1976 36(18) 1653 
1977 33(13) 228 
^o bulls bom in 1978 or 1979 had FD's when the 
data set was created (Summer 1982). 
^Number of bulls which have FD for milk, fat and 
fat percent. 
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Table 65. Means and standard deviations (SD) of FDT and 
repeatability (BPT) of PDT for registered 
Holstein bulls bom in I960 throu^ 1977^ 
Birth Mean (SD) 
Number^ Year PDT EPT 
I960 .039(.656) 46(21) 704 
1961 .090(.657) 46(22) 705 
1962 .030(.674) 47(22) 722 
1963 .055 (.704) 47(22) 630 
1964 .039(.717) 47(22) 704 
1965 .098(.747) 48(21) 702 
1966 .105(.752) 48(22) 730 
1667 .097 (.720) 46(21) 743 
1968 .053(.699) 46(21) 828 
1969 .037(.743) 45(21) 913 
1970 -.013(.744) 46(20) 1022 
1971 -.017(.718) 45(18) 1246 
1972 .027(.771) 45(18) 1245 
1973 .105(.787) 44(17) 1288 
1974 .134(.765) 45(17) 1146 
1975 -.073(.786) 47(16) 878 
1976 -.116(.777) 45(15) 403 
1977 -.561(.881) 39(13) 11 
^No bulls bom in 1978 or 1979 had PD*s when 
the data set was created (Summer 1982). 
^Number of bulls which have a PDT. 
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Table 66. Means and standard deviations (SD) of repeatability 
for CIH and CIP of registered Holstein covs bom in 
I960 through 1979*. 
Birth Mean (SD) Number* 
Year 
I960 56(7) % 9909 
1961 57(8) 10492 
1962 38(7) 10152 
1963 58(7) 10220 
1964 58(7) 10580 
1965 59(7) 11058 
1966 59(7) 11589 
1967 59(8) 11484 
1968 40(8) 11489 
1969 40(8) 11625 
1970 41 (8) 11658 
1971 41(9) 12065 
1972 42(9) 12855 
1975 45(8) 15562 
1974 44(8) 14546 
1975 44(7) 15186 
1976 44(7) 16659 
1977 45(7) 18126 
1978 41 (7) 17810 
1979 59(7) 6555 
dumber of cows which have CI for milk, fat and 
fat percent. 
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Table 67« Means and standard deviations (SD) of FDH for sires of 
AI and non-AI registered Holstein bulls (by birth year). 
AX Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number® Mean (SD) Number® 
1960 -104(541) lb 109 -127(488) lb 4714 
1961 -53(561) 121 -117(513) 5357 
1962 -30(562) 149 -171(538) 5724 
1963 -15(588) 148 -175(527) 5854 
1964 137(672) 210 -187(575) 6037 
1965 145(672) 221 -175(572) 6162 
1966 198(640) 233 -138(583) 6746 
1967 262(588) 227 -148(588) 6954 
1968 352(550) 239 -92(594) 7081 
1969 522(582) 302 15(644) 7345 
1970 637(506) 390 83(660) 7728 
1971 773(402) 469 228(657) 7917 
1972 866(433) 551 405(669) 8384 
1975 980(463) 604 506(654) 8749 
1974 1029(462) 643 543(668) 7746 
1975 1140(468) 610 624(686) 7320 
1976 1285(439) 738 783(666) 7822 
1977 1398(456) 703 930(635) 7850 
1978 1405(429) 700 1008(637) 7145 
1979 1452(443) 898 1093(597) 4304 
dumber of bulls which have a sire EDH. 
199 
Table 68. Means and standard deviations (SD) of PDF for sires of 
AI and non-AI registered Holstein bulls (by birth year). 
AI Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number® Mean (SD) Number® 
1960 -6(22) lb 109 -5(17) lb 4714 
1961 -2(21) 121 -4(18) 5357 
1962 0(21) 14.9 -7(19) 5724 
1963 1(20) 148 -7(19) 5854 
1964 5(22) 210 -8(20) 6037 
1965 6(23) 221 -6(20) 6162 
1966 8(21) 233 -4(21) 6746 
1967 8(21) 227 -4(21) 6954 
1968 13(21) 239 -1(22) 7081 
1969 19(23) 302 2(26) 7345 
1970 17(21) 390 2(26) 7728 
1971 22(18) 469 5(25) 7917 
1972 29(19) 551 12(25) 8384 
1973 32(21) 604 15(25) 8749 
1974 34(21) 643 16(26) 7746 
1975 36(22) 610 17(26) 7320 
1976 35(21) 738 23(25) 7822 
1977 40(18) 703 28(24) 7850 
1978 42(15) 700 30(22) 7145 
1979 44(15) 898 33(20) 4304 
dumber of bulls which have a sire PDF. 
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Table 69. Means and standard deviations (SD) of EDP^ for sires of 
AI and non-AI registered Holstein bulls (by birth year). 
AI Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number^ 
1960 -.016(.097) 109 -.003 .098) 4714 
1961 -.001(.105) 121 .001 .104) 5357 
1962 .011(.111) 149 —.001 .105) 5724 
1963 .OIO(.III) 148 -.003 .109) 5854 
1964 .003(.113) 210 -.004 .112) 6037 
1965 .006(.100) 221 .003 .108) 6162 
1966 .0070112) 233 .007 .106) 6746 
1967 -.009(.104) 227 .015 .112) 6954 
1968 -.000 0098) 239 .017 .112) 7081 
1969 -.OOO(.IOI) 302 .008 .107) 7345 
1970 -.0400100) 390 —.006 .102) 7728 
1971 -.038 0094) 469 -.019 .099) 7917 
1972 -.019(.085) 551 -.018 .101) 8384 
1973 -.025(.090) 604 -.020 .105) 8749 
1974 -.024(.115) 643 -.025 .113) 7746 
1975 -.035(.129) 610 -.031 .117) 7320 
1976 -.073(.121) 738 -.038 .111) 7822 
1977 -.067(.104) 703 -.040 .098) 7850 
1978 -.056(.091) 700 -.040 .100) 7145 
1979 -.055(.092) 898 -.042 .100) 4304 
^Number of bulls which have a sire EDF$. 
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Table 70. Means and standard 
of PDM and PDF for 
Holstein bulls (by 
deviations (SD) of repeatability 
sires of AI and non-AI registered 
birth year) 
AI Bulls Non-AI Bulls 
Birth Mean SD Mean SD 
Year 
1960 96 9 % 90 18 % 
1961 96 8 91 17 
1962 96 10 92 17 
1963 96 10 92 17 
1964 95 11 91 18 
1965 95 10 91 18 
1966 97 9 92 17 
1967 97 6 92 17 
1968 97 8 92 18 
1969 98 7 92 18 
1970 98 5 92 18 
1971 98 3 93 17 
1972 99 2 94 16 
1975 99 2 94 16 
1974 98 4 94 16 
1975 98 4 94 16 
1976 98 4 94 15 
1977 98 6 95 14 
1978 98 6 95 13 
1979 97 5 95 12 
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Table 71• Means and standard deviations (SD) of PDT for sires of 
AI and non-AI registered Holstein bulls (by birth year). 
Birth 
Year 
AI Bulls Non-AI Bulls 
Mean (SD) Number^ Mean (SD) Number® 
1960 .954( .771) 183 .398 .872 6346 
1961 1.056( .817) 164 .387 .897 6341 
1962 .900( .927) 205 .485 .934 6306 
1963 .740 ( .918) 194 .467 .884 6191 
1964 .456( .978) 268 .397 .917 6280 
1965 .509( .887) 269 .472 .920 6191 
1966 .557(1 .022) 260 .495 .989 6743 
1967 .714(1 .026) 241 .574 .967 6892 
1968 .813( .956) 248 .550 .939 6890 
1969 .868( .886) 310 .611 .926 7098 
1970 .889 ( .794) 396 .618 .932 7453 
1971 .848( .901) 474 .600 .947 7697 
1972 .949( .805) 554 .674 .908 8163 
1973 1.001( .953) 604 .706 .960 8559 
1974 .974( .972) 642 .720 1.034 7566 
1975 .630(1 .065) 610 .732 1.095 7143 
1976 .583( .991) 739 .785 1.059 7644 
1977 .513( .937) 700 .798 1.062 7703 
1978 .554( .827) 699 .754 1.012 7000 
1979 .656( .808) 898 .750 .932 4220 
^Number of bulls which have a sire IDT. 
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Table 72. Means and standard deviations (SD) of CIH for dams of 
AI and non-AI registered Holstein bulls (by birth year). 
AI Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number® Mean (SD) Number' 
1960 126(476) 98 96(361) 4223 
1961 238(451) 111 101(374) 4493 
1962 269(464) 142 123(380) 4666 
1963 393(427) 128 131 (381) 4622 
1964 410(396) 211 135(385) 4805 
1965 442(449) 192 127(389) 4781 
1966 405(406) 198 123(389) 5196 
1967 465(449) 188 . 128(396) 5362 
1968 499(392) 187 127(403) 5319 
1969 510(414) 235 130(401) 5395 
1970 510(415) 279 123(401) 5476 
1971 539(377) 331 135(413) 5435 
1972 572(419) 388 153(421) 5683 
1973 669(435) 441 184(432) 5945 
1974 727(439) 511 226(444) 5428 
1975 792(418) 476 272(458) 5413 
1976 895(410) 602 308(475) 5986 
1977 992(421) 610 559(476) 6316 
1978 1058(409) 615 415(481) 5995 
1979 1184(436) 860 484(498) 3794 
dumber of bulls which have a dam CIM. 
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Table 73 • Means and standard deviations (SD) of CIS for dams of 
AI and non-AI registered Holstein bulls (by birth year). 
AI Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number® Mean (SD) Number^ 
1960 8(18) 98 5(14) 4223 
1951 13(18) 111 5(14) 4493 
1962 13(18) 142 6(14) 4666 
1963 18(18) 128 7(14) 4622 
1964 18(14) 211 6(14) 4805 
1965 18(16) 192 6(14) 4781 
1966 18(15) 198 6(14) 5196 
1967 21 (17) 188 6(14) 5362 
1968 19(16) 187 6(15) 5319 
1969 19(16) 235 6(15) 5395 
1970 19(15) 279 5(15) 5476 
1971 19(15) 331 6(15) 5435 
1972 20(17) 388 6(16) 5683 
1973 24(17) 441 7(16) 5945 
1974 26(18) 511 8(17) 5428 
1975 28(18) 476 10(17) 5413 
1976 32(17) 602 11(18) 5986 
1977 34(16) 610 12(18) 6316 
1978 37(17) 615 13(18) 5995 
1979 41(17) 860 16(18) 3794 
dumber of bulls which have a dam GIF. 
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Table 74. Means and standard deviations (SD) of CIF^ for dams of 
AI and non-AI registered Holstein bulls (by birth year). 
AI Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number® Mean (SD) Number^ 
I960 .022(.055) 98 .008 .054) 4225 
1961 .052(.055) 111 .012 .057) 4495 
1962 .026(.065) 142 .012 .059) 4666 
1965 .026(.072) 128 .015 .060) 4622 
1964 .022(.068) 211 .012 .060) 4805 
1965 .016(.065) 192 .011 .065) 4781 
1966 .021(.066) 198 .011 .066) 5196 
1967 .026(.080) 188 .008 .067) 5562 
1968 .007(.070) 187 .008 .068) 5519 
1969 .005(.075) 255 .007 .069) 5595 
1970 .002(.068) 279 .008 .071) 5476 
1971 -.006(.074) 551 .005 .075) 5455 
1972 -.005(.081) 588 .005 .074) 5685 
1973 -.005(.077) 441 .005 .076) 5945 
1974 -.006(.076) 511 .002 .075) 5428 
1975 -.006(.082) 476 .002 .077) 5415 
1976 -.0050081) 602 —.002 .078) 5986 
1977 -.011(.085) 610 —.004 .082) 6516 
1978 -.006(.085) 615 -.011 .085) 5995 
1979 -.012(.080) 860 -.008 .086) 5794 
^Number of bulls which have a dam CI?$. 
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Table 75. Means and standard 
of CIM and GIF for 
Holstein bulls (by 
deviations (SD) of repeatability 
dams of AI and non-AI registered 
birth year). 
AI Bulls Ron-AI Bulls 
Birth Mean SD Mean SD 
Year 
I960 56 lb 8 54 lb 8 
1961 57 8 56 7 
1962 59 6 57 7 
1963 41 5 58 7 
1964 45 4 59 6 
1965 45 4 40 6 
1966 44 4 41 6 
1967 44 4 41 6 
1968 45 4 42 6 
1969 45 4 42 6 
1970 46 4 45 6 
1971 47 4 45 6 
1972 48 4 44 6 
1975 48 4 45 6 
1974 49 4 45 6 
1975 50 5 46 6 
1976 50 5 47 6 
1977 51 5 47 6 
1978 51 5 48 6 
1979 50 5 48 5 
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Table 76. Means and standard deviations (SD) of PDH for maternal 
grandsires of AI and non-AI registered Holstein bulls 
(by birth year). 
AI Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number^ 
1960 -23(518) lb 22 -92(479) lb 676 
1961 -90(379) 24 -153(471) 1111 
1962 -151 (573) 37 -135(474) 1606 
1963 272(427) 46 -109(477) 2143 
1964 74(573) 85 -83(482) 2853 
1965 127(458) 112 -101 (494) 3379 
1966 142(456) 132 -98(504) 4253 
1967 93(523) 146 -84(517) 4930 
1968 224(510) 164 -81(520) 5333 
1969 216(491) 231 -63(538) 5968 
1970 312(470) 323 -58(544) 6530 
1971 317(499) 410 -31 (571 ) 6932 
1972 406(549) 501 19(596) 7584 
1973 535(541) 564 73(617) 8064 
1974 687(548) 619 138(639) 7329 
1975 770(506) 596 214(651) 7014 
1976 859(502) 728 299(669) 7535 
1977 982(455) 699 372(670) 7519 
1978 1010(465) 697 436(678) 6913 
1979 1165(444) 884 527(672) 4216 
dumber of bulls which have a HGS PDK. 
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Table 77. Means and standard deviations (SD) of PDF for maternal 
grandsires of AI and non-AI registered Holstein bulls 
(by birth year). 
AI Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number® 
1960 -0(15) lb 22 -1(17) lb 676 
1961 -3(14) 24 -3(17) 1111 
1962 -4(18) 37 -3(17) 1606 
1965 13(15) 46 -2(17) 2143 
1964 4(19) 85 -2(18) 2853 
1965 6(17) 112 -3(18) 3379 
1966 5(17) 132 -3(19) 4253 
1967 6(19) 146 -2(18) 4930 
1968 7(18) 164 -2(19) 5333 
1969 6(18) 231 -2(20) 5968 
1970 9(19) 323 -1(20) 6530 
1971 8(20) 410 -1 (21 ) 6932 
1972 12(22) 501 1(22) 7584 
1973 17(21) 564 3(23) 8064 
1974 23(23) 619 5(24) 7329 
1975 25(22) 596 7(24) 7014 
1976 30(22) 728 10(25) 7535 
1977 33(20) 699 11(25) 7519 
1978 34(20) 697 13(25) 6913 
1979 39(19) 884 16(25) 4216 
dumber of bulls which have a MGS PDF. 
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Table 78. Means and standard deviations (SD) of PDF% for maternal 
grandsires of AI and non-AI registered Holstein bulls 
(by birth year). 
AI Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number® Mean (SD) Number* 
1960 .006(.106) 22 .016(.100) 676 
1961 .005(.089) 24 .021(.095) 1111 
1962 .011 (.112) 57 .017(.096) 1606 
1965 .025(.098) 46 .014(.098) 2145 
1964 .015(.118) 85 .009(.096) 2855 
1965 .009(.084) 112 .010(.105) 5579 
1966 .002(.097) 152 .008(.104) 4255 
1967 .020(.105) 146 .007(.104) 4950 
1968 -.005(.107) 164 .006(.105) 5555 
1969 -.011(.096) 251 .004(.105) 5968 
1970 -.018(.095) 525 .007(.107) 6550 
1971 -.025(.095) 410 .005(.108) 6952 
1972 -.020(.099) 501 .005(.107) 7584 
1975 -.019(.100) 564 .005(.107) 8064 
1974 -.015(.094) 619 -.002(.105) 7529 
1975 -.019(.094) 596 -.005(.105) 7014 
1976 -.011(.096) 728 -.009(.102) 7555 
1977 -.019(.092) 699 -.015(.105) 7519 
1978 -.018(.094) 697 -.017(.107) 6915 
1979 -.024(.090) 884 -.021(.110) 4216 
dumber of bulls which have a MGS 
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Table 79 « Means and standard deviations (SD) of PDT for maternal 
grandsires of AI and non-Aï registered Holstein bulls 
(by birth year). 
AI Bulls N on-AI Bulls 
Birth Mean (SD) Number® Mean (SD) Number® 
Year 
1960 .467(.671) 154 .117(.718) 5040 
1961 .475(.752) 145 .151(.749) 5117 
1962 .460(.762) 176 .208(.766) 5289 
1965 .404 0810) 174 .268(.815) 5554 
1964 .478(.805) 262 .551(.858) 5622 
1965 .558(.820) 259 .417(.870) 5556 
1966 .708(.891) 244 .455(.880) 6091 
1967 .752(.900) 224 .457(.911) 6260 
1968 .701(.840) 259 .494(.906) 6298 
1969 .773(.860) 298 .505(.905) 6545 
1970 .756(.950) 586 .552(.927) 6889 
1971 .765(.866) 466 .549(.920) 7146 
1972 .748(.897) 551 .562(.945) 7600 
1973 .841(.849) 584 .591(.928) 7956 
1974 .858(.842) 626 .656(.915) 7185 
1975 .929(.851) 602 .671 (.911) 6821 
1976 .925(.895) 751 .689(.921) 7285 
1977 .988(.957) 695 .690(.961) 7255 
1978 .999(.919) 696 .698(.973) 6645 
1979 1.059(.965) 879 .686(.989) 4049 
^Number of bulls which have a MGS PDT. 
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Table 80. Means and standard deviations (SD) of CIH for maternal 
granddams of AX and non-AI registered Holstein bulls 
(by birth year). 
AI Bulls Non-AI Bulls 
Birth Mean (SI)) Number^ Mean (SD) Number* 
Year 
1960 67(399) lb 36 61(367) lb 1212 
1961 15(470) 35 49(351) 1618 
1962 216(404) 52 47(352) 1926 
1965 162(452) 59 44(363) 2360 
1964 176(433) 121 52(361) 2854 
1965 188(448) 135 52(352) 3244 
1966 160(397) 130 . 44(355) 3780 
1967 113(390) 137 50(365) 4212 
1968 147(441) 162 47(362) 4389 
1969 134(433) 207 42(369) 4757 
1970 156(404) 272 44(370) 5011 
1971 129(406) 318 41(381) 5166 
1972 132(419) 377 36(384) 5691 
1973 183(414) 419 33(390) 5921 
1974 170(433) 465 43(390) 5269 
1975 184(473) 438 56(408) 5018 
1976 217(470) 531 61 (418) 5352 
1977 278(467) 516 74(428) 5353 
1978 334(500) 524 119(437) 4911 
1979 425(525) 686 158(455) 3043 
dumber of bulls which have a MCD CIM. 
212 
Table 81. Means and standard deviations (SD) of GIF for maternal 
granddams of AI and non-AI registered Holstein bulls 
(by birth year). 
AI Bulls Non-AI Bulls 
Birth 
Year 
Mean (SD) Number® Mean (SD) Number* 
I960 3(14) lb 36 3(14) lb 1212 
1961 5(20) 35 3(13) 1618 
1962 9(18) 52 2(13) 1926 
1965 8(18) 59 3(14) 2360 
1964 8(16) 121 2(13) 2854 
1965 8(17) 135 3(14) 3244 
1966 7(15) 130 3(14) 3780 
1967 6(16) 137 2(14) 4212 
1968 6(16) 162 3(14) 4389 
1969 6(16) 207 2(14) 4757 
1970 8(15) 272 2(14) 5011 
1971 6(15) 318 2(14) 5166 
1972 5(16) 377 2(14) 5691 
1973 6(16) 419 2(14) 5921 
1974 7(16) 465 2(15) 5269 
1975 7(18) 438 3(15) 5018 
1976 8(18) 531 3(16) 5352 
1977 10(17) 516 3(16) 5353 
1978 12(19) 524 4(16) 4911 
1979 15(19) 686 6(17) 3043 
dumber of bulls which have a MGD GIF. 
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Table 82. Means and standard deviations (SS) of CIP$ for maternal 
granddams of AI and non-AI registered Holstein bulls 
(by birth year). 
AI Bulls Hon-AI Bulls 
Birth 
Year 
Mean (SD) Number® Mean (SD) Number* 
I960 .006(.046) 36 .006(.053) 1212 
1961 .033 0060) 35 .007(.052) 1618 
1962 .009(.062) 52 .006(.055) 1926 
1963 .015(.050) 59 .007(.054) 2360 
1964 .009(.053) 121 .003(.053) 2854 
1965 .012(.056) 135 .007(.056) 3244 
1966 .007(.060) 130 .007(.056) 3780 
1967 .013(.058) 137 .005(.057) 4212 
1968 .004(.061) 162 .008(.059) 4389 
1969 .009(.064) 207 .006(.060) 4757 
1970 .014(.064) 272 .005(.061) 5011 
1971 .007(.065) 318 .005(.064) 5166 
1972 .005(.070) 377 .006(.066) 5691 
1973 -.003(.072) 419 .003(.066) 5921 
1974 .003(.071) 465 .005(.068) 5269 
1975 .003(.078) 438 .005(.070) 5018 
1976 .003(.079) 531 .004(.070) 5352 
1977 -.002(.075) 516 .004(.074) 5353 
1978 .001(.078) 524 .000(.074) 4911 
1979 -.001(.082) 686 -.000(.075) 3043 
dumber of bulls which have a MGD CIF$. 
Birtl 
Year 
I960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
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Means and standard deviations (SD) for age of sires at 
time of birth of AI and non-AI bulls (by birth year) 
AI Non-AI 
Mean (mo.) SD Mean (mo.) SD 
97 42 80 41 
98 40 81 40 
109 46 83 39 
116 45 84 39 
120 52 84 41 
127 53 86 41 
120 50 88 40 
122 45 91 40 
116 44 89 39 
123 44 92 39 
125 40 92 39 
118 37 96 37 
121 35 101 38 
123 36 104 40 
124 36 104 41 
126 38 107 43 
132 38 112 44 
127 44 116 44 
125 48 117 
113 42 112 47 
\ 
Birtl 
Year 
1960 
1961 
1962 
1965 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1975 
1974 
1975 
1976 
1977 
1978 
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Means and standard deviations (SD) for age of dams at 
time of birth of AI and non-AI bulls (by birth year) 
AI Non-AI 
Mean (mo.) SD Mean (mo.) SD 
89 40 72 54 
88 41 71 53 
89 58 75 54 
92 57 72 55 
86 54 71 52 
91 55 71 52 
88 55 71 52 
88 52 70 51 
90 56 71 51 
88 55 70 50 
86 51 70 51 
87 55 70 51 
85 55 69 51 
85 56 69 50 
75 50 69 51 
74 51 69 31 
72 50 69 51 
72 29 69 30 
78 51 69 50 
77 51 69 30 
216 
Table 85» Means and standard deviations (SD) of EDM for sires of 
all AI progeny-test bulls and AI progeny-test bulls 
returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service^ 
Birth 
Year 
Mean (SD) Number^ Mean (SD) 
1 
Number 
1960 -223(611) lb 40 -135(648) lb 29 
1961 -38(593) 49 -70(606) 35 
1962 -34(618) 65 -46(660) 31 
1963 -23(605) 73 -68(617) 33 
1964 224(607) 107 73(661) 29 
1965 246(597) 119 69(651) 39 
1966 217(567) 140 146(645) 61 
1967 307(549) 138 269(614) 57 
1968 336(545) 115 303(533) 43 
1969 437(598) 149 521(604) 58 
1970 614(551) 224 842(481) 74 
1971 762(402) 356 859(361) 117 
1972 851(418) 405 967(391) 96 
1973 981(457) 482 1128(451) 73 
1974 1026(463) 515 1178(603) 23 
1975 1120(466) 511 1263(383) 23 
1976 1285(431) 635 1101(357) 5 
1977 1416(446) 648 
1978 1391(421) 639 
1979 1460(433) 844 
^Considered active AI if had at least 100 dau^ters 
in ED calculation. 
^Number of bulls which have a sire EDM. 
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Table 86. Means and standard deviations (SD) of PDF for sires of 
all AI progeny-test bulls and AI progeny-test bulls 
returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service^ 
Birth Mean (SD) Number^ Mean (SD) Number^ 
Year 
I960 -10(23) lb 40 -7(23) lb 29 
1961 -1 (23) 49 -2(23) 35 
1962 4(19) 65 6(20) 31 
1965 2(29) 73 2(17) 33 
1964 7(20) 107 -0(23) 29 
1965 8(19) 119 4(17) 39 
1966 9(19) 140 7(22) 61 
1967 9(21) 138 7(21) 57 
1968 13(21) 115 14(19) 43 
1969 16(23) 149 20(24) 58 
1970 15(22) 224 23(20) 74 
1971 22(18) 356 26(15) 117 
1972 28(19) 405 36(17) 96 
1973 32(21) 482 42(17) 73 
1974 34(21) 515 41(20) 23 
1975 35(21) 511 53(18) 23 
1976 35(20) 635 44(27) 5 
1977 41(18) 646 
1978 42(15) 639 
1979 44(14) 844 
^Considered active AI if had at least 100 dau^ters 
in PD calculation. 
^Number of bulls which have a sire PDF. 
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Table 87 • Means and standard deviations (SD) of PDF^ for sires of 
all AI progeny-test bulls and AI progeny-test bulls 
returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service^ 
Birth Mean (SD) Number^ Mean (SD) Number 
Year 
I960 -.015(.108)% 40 -.013(.110)2 29 
1961 .006(.111) 49 .006(.103) 35 
1962 .045(.117) 65 .061(.130) 31 
1963 .024(.105) 73 .036(.118) 33 
1964 -.007(.099) 107 -.020(.098) 29 
1965 -.001(.093) 119 .013(.125) 39 
1966 .010(.101) 140 .0U(.090) 61 
1967 -.014(.103) 138 -.015(.111) 57 
1968 .008(.083) 115 .019(.076) 43 
1969 .003(.103) 149 .005(.104) 58 
1970 -.049(.096) 224 -.048(.094) 74 
1971 -.034(.095) 356 -.035(.089) 117 
1972 -.017(.088) 405 .005(.095) 96 
1975 -.025(.091) 482 .004(.064) 73 
1974 -.024(.120) 515 -.012(.108) 23 
1975 -.034(.129) 511 .049(.097) 23 
1976 -.077(.121) 635 .028(.127) 5 
1977 -.069(.104) 648 
1978 -.052(.089) 639 
1979 -.055(.092) 844 
^Considered active AI if had at least 100 dau^ters 
in PD calculation. 
^Number of bulls which have a sire PDF^. 
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Table 88. Means and standard deviations (SD) of PDT for sires of 
all AI progeny-test bulls and AI progeny-test bulls 
returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service* 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number^ 
I960 .901 .681) 68 .868( .665) 46 
1961 1.087 .714) 70 1.150( .652) 49 
1962 .645 .975) 97 .982( .944) 45 
1963 .586 .952) 99 .748( .869) 48 
1964 .187 .958) 145 .759( .984) 55 
1965 .270 .882) 156 .729( .926) 47 
1966 .510 .971) 161 .617(1.040) 68 
1967 .620 .986) 146 .878(1.016) 59 
1968 .699 1.052) 115 .871(1.186) 45 
1969 .859 .969) 155 .885( .950) 60 
1970 .855 .782) 250 .895( .855) 76 
1971 .849 .899) 561 .900( .965) 120 
1972 .952 .781) 407 1.125( .789) 96 
1975 .969 .984) 482 1.454( .776) 75 
1974 .892 .984) 514 1.026(1.027) 25 
1975 .605 1.071) 511 1.059( .941) 25 
1976 .568 .981) 656 1.134( .815) 5 
1977 .506 .941) 646 
1978 .545 .855) 659 
1979 .651 .807) 844 
^Considered active AI if had at least 100 daughters 
in PD calculation. 
^Number of bulls which have a sire PDT. 
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Table 89. Means and standard deviations (SD) of CIH for dams of 
all AI progeny-test bulls and AI progeny-test bulls 
returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service^ 
Birth 
Year 
Hean (SD) Number^ Mean (SD) Kumber 
1960 156(580) lb 56 189(350) lb 26 
1961 305(450) 45 262(477) 29 
1962 545(486) 71 288(500) 52 
1965 404(469) 71 321(554) 56 
1964 484(355) 118 513(410) 29 
1965 532(415) 117 534(401) 52 
1966 422(398) 128 597(462) 52 
1967 526(429) 116 572(469) 45 
1968 607(533) 90 616(388) 34 
1969 546(436) 125 545(411) 48 
1970 545(410) 156 654(456) 51 
1971 544(390) 250 632(392) 84 
1972 571 (401 ) 291 755(419) 74 
1973 705(422) 350 815(455) 57 
1974 755(425) 412 985(496) 21 
1975 806(409) 396 1072(486) 17 
1976 908(408) 526 1257(892) 5 
1977 999(413) 560 
1978 1064(402) 560 
1979 1181(438) 810 
^Considered active AI if had at least 100 daughters 
in PD calculation. 
^Number of bulls which have a dam CIH. 
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Table 90. Keans and standard deviations (SD) of CI? for dams of 
all AI progeny-test bulls and AI progeny-test bulls 
returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service* 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Numbc 
I960 5(13) lb 36 7(13) lb 26 
1961 15(16) 45 16(18) 29 
1962 15(17) 71 15(19) 32 
1963 19(21) 71 18(24) 36 
1964 19(13) 118 21(14) 29 
1965 21 (15) 117 24(14) 32 
1966 18(14) 128 21 (16) 52 
1967 22(16) 116 24(19) 43 
1968 23(14) 90 24(17) 34 
1969 21 (16) 125 23(16) 48 
1970 19(15) 156 22(17) 51 
1971 19(15) 250 24(14) 84 
1972 20(16) 291 27(18) 74 
1973 24(17) 350 32(18) 57 
1974 26(18) 412 42(18) 21 
1975 28(18) 396 42(21) 17 
1976 32(18) 526 50(29) 5 
1977 34(16) 560 
1978 37(17) 560 
1979 41(17) 810 
^Considered active AI if had at least 100 dau^ters 
in PD calculation. 
^Number of bulls which have a dam OIF. 
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Table 91 • Means and standard deviations (SD) of CIP^ for dams of 
all AI progeny-test bulls and AI progeny-test bulls 
returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service* 
Birth 
Year 
Mean (SD) Number^ Mean (SD) 
1 
Number 
1960 -.005(.048) 56 .002(.047) 26 
1961 .052(.062) 45 .044(.065) 29 
1962 .018(.059) 71 .052(.062) 52 
1963 .027(.074) 71 .040(.085) 56 
1964 .012(.064) 118 .018(.065) 29 
1965 .011(.061) 117 .052(.060) 52 
1966 .021(.069) 128 .045(.077) 52 
1967 .0170076) 116 .021(.085) 45 
1968 .008(.065) 90 .015 (.071) 54 
1969 .011(.079) 125 .025(.074) 48 
1970 -.006(.065) 156 -.006(.067) 51 
1971 -.007(.070) 250 .005(.085) 84 
1972 -.005(.082) 291 .006(.092) 74 
1975 -.008(.077) 550 .016(.082) 57 
1974 -.007(.075) 412 .059(.078) 21 
1975 -.011(.081) 596 .025(.100) 17 
1976 -.006(.082) 526 .054(.081) 5 
1977 -.012(.086) 560 
1978 -.010(.081) 560 
1979 -.011(.080) 810 
^Considered active AI if had at least 100 daughters 
in PD calculation. 
^Number of bulls which have a dam CIP^. 
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Table 92. Means and standard deviations (SB) of PDK for maternal 
grandsires of all AI progeny-test bulls and AI progeny-
test bulls returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service® 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number 
1960 -16(502) lb 12 82(485) lb 10 
1961 -187(445) 9 -212(505) 7 
1962 19(606) 11 -152(426) 4 
1965 284(511) 20 190(555) 9 
1964 252(622) 54 251(487) 12 
1965 221(589) 57 187(410) 22 
1966 185(425) 75 42(458) 55 
1967 182(507) 85 181 (581) 40 
1968 510(445) 67 568(510) 52 
1969 206(492) 114 272(556) 45 
1970 329(460) 189 375(468) 65 
1971 542(484) 515 449(487) 112 
1972 405(547) 566 465(542) 89 
1975 562(513) 451 604(452) 66 
1974 705(529) 497 840(600) 22 
1975 779(490) 498 828(609) 20 
1976 873(497) 627 1061 (551) 5 
1977 987(454) 645 
1978 1010(463) 657 
1979 1161(445) 832 
®Considered active AI if had at least 100 daughters 
in PD calculation. 
^Number of bulls which have a MGS PDM. 
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Table 95» Means and standard deviations (SD) of PDF for maternal 
grandsires of all AI progeny-test bulls and AI progeny-
test bulls returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service^ 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number 
1960 1(16) lb 12 5(15) lb 10 
1961 -1 (19) 9 -2(20) 7 
1962 -1 (18) 11 -2(16) 4 
1963 12(18) 20 7(20) 9 
1964 12(19) 54 14(12) 12 
1965 12(15) 57 10(12) 22 
1966 7(15) 75 6(15) 55 
1967 8(17) 85 7(19) 40 
1968 11(17) 67 15(16) 52 
1969 6(17) 114 8(17) 45 
1970 9(17) 189 9(17) 65 
1971 8(20) 515 15(19) 112 
1972 11(21) 566 15(21) 89 
1975 17(21) 451 20(21) 66 
1974 25(25) 497 52(27) 22 
1975 25(21) 498 27(50) 20 
1976 50(22) 627 47(20) 5 
1977 55(20) 645 
1978 54(20) 657 
1979 58(19) 852 
^Considered active AI if had at least 100 dau^ters 
in PD calculation. 
^Number of bulls which have a MGS PDF. 
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Table 94. Means and standard deviations (SD) of for maternal 
grandsires of all AI progeny-test bulls and AI progeny-
test bulls returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service* 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number 
I960 .015(.087) 12 .012(.096) 10 
1961 .040(.105) 9 .039(.1O6) 7 
1962 -.011(.052) 11 .020(.048) 4 
1963 .013(.110) 20 .002(.115) 9 
1964 .020(.115) 34 .035(.125) 12 
1965 .029(.082) 57 .025(.089) 22 
1966 .006(.101) 75 .034(.106) 35 
1967 .014(.104) 83 .006(.102) 40 
1968 -.003(.103) 67 .002(.117) 32 
1969 -.008(.092) 114 -.010(.094) 45 
1970 -.018(.092) 189 -.030(.082) 63 
1971 -.029 0092) 313 -.025(.105) 112 
1972 -.024(.101) 366 -.014(.110) 89 
1973 -.022(.098) 451 -.011(.097) 66 
1974 -.017(.094) 497 .010(.085) 22 
1975 -.022(.093) 498 -.023(.086) 20 
1976 -.012(.095) 627 .058(.052) 5 
1977 -.022(.093) 643 
1978 -.020(.095) 637 
1979 -.025(.090) 832 
^Considered active AI if had at least 100 daughters 
in ED calculation. 
^Number of bulls vhich have a MGS PDF^. 
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Table 95. Means and standard deviations (SD) of PDT for maternal 
grandsires of all AI progeny-test bulls and AI progeny-
test bulls returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service^ 
Birth Mean (SD) Number^ Mean (SD) Number^ 
Year 
1960 .521(.622) 57 .419( .594) 38 
1961 .562(.739) 62 .622( .751) 46 
1962 .350(.778) 86 .594( .789) 36 
1963 .316(.728) 90 .369( .728) 43 
1964 .280(.829) 140 .641( .828) 34 
1965 .479(.872) 155 .695( .820) 46 
1966 .671(.869) 154 .870( .875) 63 
1967 .651(.942) 139 .793(1.068) 56 
1968 .659(.901) 113 .576(1.025) 41 
1969 .790(.839) 148 .895( .912) 56 
1970 .731(.983) 223 .878(1.036) 71 
1971 .745(.863) 355 .810( .939) 120 
1972 .721(.894) 392 .850( .958) 91 
1973 .832(.870) 469 .941( .870) 70 
1974 .854(.849) 503 1.379( .781) 21 
1975 .916(.843) 502 1.164(1.093) 19 
1976 .932(.914) 630 1.288( .324) 5 
1977 .979(.953) 639 
1978 .988(.931) 636 
1979 1.046(.974) 827 
^Considered active AI if had at least 100 dau^ters 
in PD calculation. 
^Number of bulls which have a MGS PDT. 
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Table 96. Means and standard deviations (SD) of CIK for maternal 
granddams of all AI progeny-test bulls and AI progeny-
test bulls returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service* 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number 
I960 95(449) lb. 19 90(449) lb. 15 
1961 -42(486) 16 15(472) 14 
1962 275(554) 27 215(449) 9 
1965 514(505) 28 565(507) 15 
1964 210(424) 65 144(595) 14 
1965 228(411) 76 495(495) 17 
1966 169(425) 84 112(455) 59 
1967 160(580) 90 115(565) 55 
1968 226(456) 75 128(505) 29 
1969 201 (412) 100 118(412) 44 
1970 167(588) 162 161(411) 55 
1971 155(406) 259 155(415) 88 
1972 155(427) 279 222(480) 59 
1975 188(412) 340 255(409) 49 
1974 170(429) 580 581 (581 ) 15 
1975 195(485) 564 545(557) 15 
1976 218(478) 461 250(655) 5 
1977 269(465) 474 
1978 551 (497) 477 
1979 428(525) 649 
^Considered active AI if had at least 100 daughters 
in PD calculation. 
^Number of bulls which have a MGD CIM. 
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Table 97. Means and standard deviations (SD) of GIF for maternal 
granddams of all AI progeny-test bulls and AI progeny-
test bulls returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service* 
Birth 
Year 
Mean (SD) Number^ Mean (SD) Number 
1960 4(16) lb. 19 5(17) lb. 15 
1961 1(19) 16 2(20) 14 
1962 10(15) 27 8(21) 9 
1963 12(20) 28 12(18) 15 
1964 8(15) 65 8(15) 14 
1965 8(16) 76 21(20) 17 
1966 7(16) 84 4(16) 39 
1967 7(16) 90 6(16) 35 
1968 8(15) 75 5(15) 29 
1969 8(15) 100 6(14) 44 
1970 7(15) 162 8(15) 55 
1971 6(15) 239 6(16) 88 
1972 7(16) 279 11(20) 59 
1973 6(16) 340 9(17) 49 
1974 6(15) 380 9(21) 15 
1975 7(19) 364 21 (24) 13 
1976 8(18) 461 -1 (19) 3 
1977 9(17) 474 
1978 13(20) 477 
1979 15(19) 649 
^Considered active AI if had at least 100 dau^ters 
in PD calculation. 
^Number of bulls which have a MGD GIF. 
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Table 98. Means and standard deviations (SD) of Q,TS% for maternal 
granddams of all AI progeny-test bulls and AI progeny-
test bulls returned to active service. 
All Progeny-Test Bulls Progeny-Test Bulls 
Returned to Service* 
Birth 
Year 
Mean (SD) Number^ Mean (SD) number 
1960 .003(.047) 19 .011(.048) 15 
1961 .019(.058) 16 .019(.057) 14 
1962 -.003(.063) 27 .000(.065) 9 
1963 .002(.043) 28 -.011(.029) 15 
1964 .005(.058) 65 .019 (.071) 14 
1965 .002(.049) 76 .019(.054) 17 
1966 .005(.062) 84 .005(.063) 59 
1967 .010(.054) 90 .014(.055) 55 
1968 .003(.058) 75 .004(.060) 29 
1969 .004(.064) 100 .014(.066) 44 
1970 .0100064) 162 .017(.066) 55 
1971 .009(.062) 259 .004(.064) 88 
1972 .007(.071) 279 .019(.073) 59 
1975 -.003(.074) 540 -.000(.084) 49 
1974 .000(.071) 580 -.056(.062) 15 
1975 .000(.077) 564 .008(.089) 15 
1976 .002(.078) 461 -.067(.042) 5 
1977 -.002(.075) 474 
1978 -.001(.077) 477 
1979 -.000(.082) 649 
^Considered active AI if had at least 100 daughters 
in PD calculation. 
^Number of bulls which have a MOD CIF%. 
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Table 99* Means and standard deviations (SD) of FDM, PDF and 
PDF^ for sires of breeder-proven AI bulls 
Mean (SD) 
Birth 
Year PDM (lb) PDF (lb) PDF# Number^ 
1960 2(465) -2(21) -.016(.091) .42 
1961 48(592) 1(22) -.004(.102) 37 
1962 49(457) -1 (22) -.017(.074) 49 
1963 -17(449) -6(19) -.039(.078) 23 
1964 -113(797) -1 (29) .026(.124) 39 
1965 239(792) 8(34) -.010(.074) 34 
1966 222(784) 9(29) .011(.116) 47 
1967 89(654) 4(23) .005(.103) 40 
1968 405(607) 14(26) -.005(.121) 39 
1969 664(699) 24(31) .001(.105) 45 
1970 785(650) 29(22) .002(.104) 38 
1971 816(385) 23(19) -.045(.094) 49 
1972 991(426) 31(19) -.030(.067) 61 
1973 1180(435) 42(18) -.007(.075) 48 
1974 1204(379) 41(16) -.017(.072) 44 
1975 1352(449) 41(25) -.056(.111) 24 
1976 1338(595) 44(23) -.032(.105) 28 
1977 1501(617) 45(19) -.060(.036) 7 
dumber of bulls which have a sire PDM, PDF and PDF$. 
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Table 100. Means and standard deviations (SD) of CIH, GIF and 
CIF^ for dams of breeder-proven AI bulls 
Mean (SD) 
Birth 
Year CIM (lb) GIF (lb) GIF* Number® 
I960 108(573) 9(21) .055(.058) 26 
1961 178(477) 11(20) .050(.049) 55 
1962 248(400) 15(19) .050(.075) 59 
1963 304(326) 14(16) .021(.085) 17 
1964 190(470) 11(16) .055(.075) 55 
1965 227(544) 11(21) .025(.085) 21 
1966 310(418) 15(17) .028(.068) 29 
1967 324(521) 16(20) .0500084) 28 
1968 291(446) 8(16) -.019(.060) 29 
1969 298(350) 11(17) .001(.065) 24 
1970 514(500) 18(19) -.005(.062) 25 
1971 478(354) 20(19) .020(.107) 55 
1972 598(449) 22(18) .002(.075) 37 
1975 550(485) 19(18) -.008(.071) 55 
1974 742(597) 28(25) .005(.086) 55 
1975 811(543) 55(20) .040(.077) 20 
1976 813(570) 26(18) -.027(.089) 21 
1977 990(794) 59(52) .017(.086) 6 
dumber of bulls which have a dam CIM, GIF and CIF$. 
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Table 101. Means and standard deviations (SB) of EDM, PDF and EDF^ 
for maternal grandsires of breeder-proven AI bulls 
Mean (SD) 
Birth 
Year PDM (lb) PDF (lb) PDF? Number^ 
I960 -17(612) 0(12) .009(.142) 7 
1961 -45(252) -2(14) -.006(.045) 9 
1962 -279(615) -6(20) .052(.100) 14 
1965 275(501) 14(10) .052(.071) 10 
1964 -118(466) -6(15) -.014(.115) 27 
1965 -25(475) -5(20) -.011(.098) 20 
1966 56(515) 1(18) -.004(.092) 29 
1967 -115(567) -2(21) .019(.108) 52 
1968 155(555) 0(20) -.054(.102) 51 
1969 60(492) 0(17) -.017(.085) 58 
1970 558(585) 5(25) -.055(.089) 52 
1971 185(567) 7(24) .005(.112) 44 
1972 491(524) 15(25) -.020(.095) 56 
1975 447(660) 15(24) -.021(.106) 45 
1974 588(686) 21 (27) -.001(.097) 45 
1975 919(668) 58(28) .055(.064) 25 
1976 788(470) 24(22) -.029(.115) 27 
1977 645(561) 25(18) .014(.065) 7 
dumber of bulls which have a MGS PDM, PDF and PDFyG. 
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Table 102. Means and standard deviations (SD) of CIH, GIF and CIF^ 
for maternal granddams of breeder-proven AI bulls 
Mean (SD) 
Birth 
Year CIM (lb) GIF (lb) GIF# Number^ 
1960 51 (367) 3(12) ,007(.039) 7 
1961 77(592) 6(26) .024(.066) 11 
1962 177(466) 10(23) .027(.060) 9 
1963 22(348) 6(15) .037(.054) 10 
1964 42(468) 3(18) .010(.054) 24 
1965 58(534) 6(19) .026(.077) 19 
1966 42(306) 3( 8) .014(.061) 24 
1967 47(429) 4(16) .015(.054) 25 
1968 94(556) 2(19) -.011(.063) 25 
1969 146(480) 8(19) .016(.066) 30 
1970 82(429) 7(17) .031(.056) 25 
1971 154(426) 7(17) .007(.071) 35 
1972 -9(377) -1(14) -.002(.057) 41 
1973 151(457) 6(19) .002(.063) 31 
1974 283(453) 13( 8) .017(.057) 32 
1975 272(400) 11(18) .011 (.107) 16 
1976 204(387) 5(20) -.017(.088) 18 
1977 448(696) 20(31) .026(.072) 6 
dumber of bulls which have a MGD CIM, GIF and GIF#. 
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Table 105. Means and standard deviations (SD) of PDT 
for sires of breeder-proven AI bulls 
Birth 
Year Mean (SD) Number^ 
I960 1.036 .868) 56 
1961 1.152 1.036) 44 
1962 1.556 .819) 57 
1963 1.055 .815) 26 
1964 1.020 .758) 45 
1965 .861 .755) 36 
1966 .906 1.089) 48 
1967 1.028 1.180) 40 
1968 1.054 .805) 39 
1969 1.116 .562) 44 
1970 .935 .975) 38 
1971 .982 .638) 49 
1972 1.102 .794) 61 
1975 1.489 .680) 48 
1974 1.491 .879) 44 
1975 1.005 1.091) 24 
1976 1.051 .777) 28 
1977 1.046 .532) 7 
^Number of bulls which have a sire PDT. 
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Table 104. Means and standard deviations (SD) of PDT for 
maternal grandsires of breeder-proven AI bulls 
Birth 
Year Mean (SD) Number' 
I960 .467(.820) 45 
1961 .412(.792) 40 
1962 .756(.794) 48 
1963 .821(.904) 21 
1964 .903(.719) 45 
1965 .841(.727) 30 
1966 .726(.952) 43 
1967 .779(.723) 34 
1968 .699(.656) 36 
1969 .924(.877) 41 
1970 .356(.852) 36 
1971 .898(.924) 48 
1972 .861(.929) 56 
1973 .939(.742) 45 
1974 .986(.809) 44 
1975 1.448(.576) 25 
1976 1.168(.504) 27 
1977 1.059(.974) 7 
^Number of bulls which have a MGS PDT. 
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Table 105. Means and standard deviations (SD) for age of sires and dams 
at time of birth of breeder-proven AI bulls (by birth year) 
Sire Dam 
Birth 
Year Mean (mo.) SD Mean (mo.) SD 
1960 81 40 81 57 
1961 81 59 70 54 
1962 97 42 77 28 
1965 96 45 81 52 
1964 77 52 67 29 
1965 88 51 77 50 
1966 79 46 76 56 
1967 97 59 66 50 
1968 86 58 70 55 
1969 89 28 72 29 
1970 95 52 74 52 
1971 101 29 67 51 
1972 107 51 70 55 
1975 114 52 70 56 
1974 111 52 62 54 
1975 109 55 58 55 
1976 125 45 55 28 
1977 115 51 60 26 
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Table 106. Means and standard deviations (SS) for age of sires at time 
of birth of all AI progeny-test bulls and progeny-test bulls 
returned to active AI seirvice (by birth year) 
Progeny-test Bulls 
All Progeny-test Bulls Returned to Service^ 
Birth 
Year Mean (mo.) SD Mean (mo.) SD 
1960 100 40 96 38 
1961 105 37 107 35 
1962 119 48 110 47 
1963 118 45 115 51 
1964 131 47 120 44 
1965 141 50 129 50 
1966 133 47 125 48 
1967 128 43 121 45 
1968 117 37 109 39 
1969 126 44 126 43 
1970 129 41 122 42 
1971 121 38 124 45 
1972 124 35 117 30 
1973 125 37 126 42 
1974 124 36 117 29 
1975 127 38 130 34 
1976 132 37 148 37 
1977 126 43 
1978 125 48 
1979 113 42 
^Considered active AI if had at least 100 daughters in 
PD calculation. 
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Table 107. Means and standard deviations (SD) for age of dams at time 
of birth of all AI progeny-test bulls and progeny-test bulls 
returned to active AI service (by birth year) 
Progeny-test Bulls 
All Progeny-test Bulls Returned to Service^ 
Birth 
Year Mean (mo.) SD Mean (mo.) SD 
1960 85 40 84 42 
1961 95 41 95 44 
1962 89 37 95 39 
1963 95 42 99 47 
1964 91 32 87 29 
1965 93 31 93 37 
1966 91 34 89 34 
1967 93 31 92 32 
1968 96 37 88 40 
1969 90 32 89 32 
1970 85 29 81 27 
1971 90 32 89 27 
1972 87 33 84 33 
1973 85 36 83 40 
1974 74 29 80 • 34 
1975 74 29 80 36 
1976 73 30 76 23 
1977 73 30 
1978 78 31 
1979 77 31 
^Considered active AI if had at least 100 daughters in 
PD calculation. 
